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ROFESSOR SCHINZ, Members and 

Guests of the Fifth International Con- 
gress of Radiology: 

My first duty upon assuming this office 
is to express my high appreciation for the 
honor that has been shown to my country 
in the selection of the United States for the 
location of the Fifth International Congress 
of Radiology. 

I also gratefully acknowledge the thanks 
due to my countrymen for the personal 
honor they have shown me in nominating 
me to the office of President. I have dis- 
charged the duties of this office with a pro- 
found sense of my own limitations, but the 
success of the Congress is assured by the 
full cooperation and constant consideration 
that I have received from the moment of 
my election, not only from my own country- 
men, but from my colleagues in every 
nation represented in this Congress. The 
universal cooperation which has prevailed 
in every aspect of the arrangements is an 
appropriate introduction to a brief address 
on the central theme of the Congress— 
“The Unity of Medicine.” 

That science recognizes no national 
boundaries was never better exemplified 
than in the program arranged for the ses- 
sions of the present Congress. Men of every 
nation have assembled here to give of their 
best and to receive what their colleagues 
have to offer, with no thought of national 


pride or aggrandizement. It has always 
been true of medicine, perhaps more than 
of any other branch of applied science, that 
she has quickly made available for hu- 
manity, with no thought of pecuniary re- 
ward, every new discovery, wherever in 
the world it may have been brought to 
light. The altrusim of the physician is 
proverbial. The race has no prouder heri- 
tage than the noble heights to which medi- 
cine has arisen-in its search for the truth 
and its unselfish efforts to cure disease and 
alleviate suffering. 

To all of this, radiology, the youngest 
member of the medical family, is no excep- 
tion. It has drawn into its fold from the 
very beginning men of the pioneer type; 
men of vision and courage willing to ven- 
ture into a new and untried and wholly 
uncertain field. They have been adven- 
turers into a new world which was yet to 
be explored. 

There was therefore a certain unity 
among radiologists of all lands from the 
earliest days. They were kindred minds out 
on a high adventure and they fraternized 
whenever possible even though they must 
journey half across the world to do so. Soon 
they were drawn still closer together by 
the common bond of suffering. They early 
discovered that the new rays which they 
were so eagerly studying were potential for 
harm as well as good. Almost before they 
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knew it many of the pioneers were irrepa- 
rably injured, and an appalling number 
finally lost their lives. There is, today, in a 
lovely garden in the grounds of the great 
St. George Hospital in Hamburg a simple 
monument, on every face of which is in- 
scribed name after name of men of all 
nations who lost their lives because they 
were pioneers in a field in which the dangers 
were not yet known. The martyrdom of 
such men as Albers-Schénberg, Holzknecht, 
Bergonié, Leonard, Caldwell, Dodd and 
Baetjer, and the untimely deaths of others 
whom we respected and revered—Knox, 
Carman, Tandoja, Hickey, Manges, Crane, 
and too many others to mention here, con- 
stitute bonds that bind together in a uni- 
versal fraternity the radiologists of the 
entire world. 

Only four decades have passed since the 
beginning of medical radiology. Forty-five 
years ago neither the roentgen ray nor 
radium was known. Men are still living and 
active and some of them are present here to- 
night whose medical careers have spanned 
this entire period. They can recall how, 
bit by bit, the hard-won truth has been laid 
bare. On one hand they found it necessary 
to maintain close contact with physicists 
everywhere who were rapidly discovering 
the nature and properties of the various 
forms of radiant energy. The medical field 
has been greatly enriched by the close re- 
lationship of the radiologist with the 
physical scientist. It has given his own 
work in radiology a firm foundation in 
sound scientific knowledge and has served 
as an example to all branches of medicine 
of the fundamental nature of the basic 
sciences in medical education. It is fitting 
that the radiologists of the world assembled 
here at an International Congress should 
acknowledge the debt of radiology to the 
physicists, and should express to them their 
pride and satisfaction in the close relation- 
ship that exists today between physicists 
and radiologists. 

Like every other branch of medicine, 
radiology is an art as well as a science. 
During all of these years of advancing 
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knowledge of the nature and properties of 
the x-ray it has been necessary to invent 
and devise machinery in order that the 
knowledge gained could be applied to the 
diagnosis and treatment of disease. The 
story of the development of x-ray appara- 
tus from the simple and fragile x-ray tubes 
and static machines of early days, to the 
complicated and dependable tubes and the 
powerful high voltage generators of today 
is a dramatic epic of man’s inventive and 
mechanical genius. The men who manu- 
facture this apparatus today in many dif- 
ferent nations are represented in this Con- 
gress not only in the technical exhibit, 
which of itself is highly educational, but as 
members of the Congress and as partici- 
pants in its scientific program. It is with 
satisfaction that the debt of radiology is 
acknowledged to the manufacturers, past 
and present, of all the various types of 
apparatus and supplies necessary in the 
pursuit of the practice of radiology. Their 
presence and participation in the affairs of 
the Congress add greatly to its value and 
success. 

Here, then, we have the foundations of 
medical radiology—knowledge of the phys- 
ics of the roentgen ray and radium, and 
skill in the use of the means devised for 
their application to the diagnosis and treat- 
ment of disease. Upon this foundation the 
radiologist has built a great medical 
specialty. 

The time has been so short and new dis- 
coveries have crowded upon each other so 
rapidly that only those whose careers have 
covered the entire radiologic era can ap- 
preciate the difficulties that have been 
encountered in the progress of radiology to 
its present state of perfection. Its develop- 
ment epitomizes the manner in which 
medicine itself has progressed from the 
early beginnings of the scientific era. 
Widely separated discoveries, both as to 
time and place, seemingly unrelated to each 
other and often apparently unimportant, 
are gradually assembled out of the fields of 
physics, chemistry and biology to form a 
great body of related truths which find 
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practical application in the better under- 
standing of bodily functions and in the 
diagnosis and treatment of disease. We are 
reminded of the passage in Milton’s 
Areopagitica referred to by William Osler 
in his delightful published address called 
Aequanimitas. “You remember in the 
Egyptian story,” said Osler, “how Typhon 
with his conspirators dealt with good Osiris; 
how they took the virgin Truth, hewed her 
lovely form into a thousand pieces, and 
scattered them to the four winds; and, as 
Milton says, ‘from that time ever since, the 
sad friends of truth, such as durst appear, 
imitating the careful search that Isis made 
for the mangled body of Osiris, went up 
and down gathering up limb by limb still 
as they could find them. We have not yet 
found them all,’ but each one of us may 
pick up a fragment, perhaps two, and in 
moments when mortality weighs less 
heavily upon the spirit, we can, as in a 
vision, see the form divine.” 

The difficulties of radiology have not all 
been in the scientific field nor in its develop- 
ment as an art. There have also been diffi- 
culties of adjustment in the complex field 
of medical practice. Some of these diffi- 
culties have been due to the exceptional 
dependence of radiology upon the physical 
science, the elaborate and expensive ma- 
chinery required and the space necessary 
to carry out the many exacting techniques 
which have been developed in various fields 
of radiologic practice. All of this seemed to 
set radiology apart as a special technical 
or laboratory facility rather than a branch 
of clinical medicine. It is now apparent that 
the technical and mechanical aspects of 
radiology are only incidental, a means to an 
end. They are essential parts of the radiolo- 
gist’s knowledge, skill and armament but 
in no way change his fundamental obliga- 
tions as a practicing physician and clinical 
consultant. Wherever radiology has reached 
its highest development it will be found 
that the radiologist occupies a place on a 
par with his colleagues in medicine, surgery 
and the other specialties. It is only so that 
he can fulfill his obligations to his patients 
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on the one hand and to his medical con- 
fréres on the other. It should never be for- 
gotten that the maintenance of the personal 
relationship of the physician with his pa- 
tient is quite as important for the radiolo- 
gist as for all other physicians. The wide 
recognition that is now given to this prin- 
ciple is sufficient proof that radiology has 
finally been accepted into the family of 
medical specialties and is an integral part 
of medicine. The exceptions in practice 
where radiology is still considered a tech- 
nical laboratory procedure serve only to 
emphasize the importance of maintaining 
it upon the highest plane of clinical medi- 
cine. 

Specialism in medicine has had its growth 
during the past forty years, coincident with 
the development of radiology. Specialism 
has been an inevitable development in 
numerous medical fields and its total effect 
has been beneficial. There is the constant 
tendency, however, for the specialist to 
become narrow and to pursue his own 
course without sufficient regard to his rela- 
tion to medicine in general. This tendency 
had become very strong within recent years 
and its effect was to introduce devisive and 
antagonistic forces in medical practice. 
Fortunately it now has been largely cor- 
rected and all specialties are rapidly as- 
suming their proper place. Radiology has 
had a considerable part in helping to effect 
this new unification in medicine. On the 
one hand, the leaders in radiology have 
insisted that every radiologist must not 
only specialize in his own branch but he 
must be trained as a broad-minded clini- 
cian to act as a consultant in many fields. 
On the other hand, radiology has served as 
the meeting place for specialists of all 
types, general practitioners, surgeons and 
internists. In many an institution and even 
in private practice, the radiologist has 
served as the liaison to bring together 
widely separated branches of medical 
practice. 

The radiologist is justifiably proud that 
he can assist in this new unification which 
is unquestionably taking place. There are 


— 
| 
| 
| 
| 
| 
| 


I 64 


still many devisive forces and influences at 
work but it is plain that the concept of 
medicine as a unity is gaining ground. The 
medical field is the whole individual, mind 
and body, and includes an expert knowl- 
edge of the individual’s environment. The 
concept of the specialist is rapidly coming 
to be not that of one who has narrowed his 
field to some limited part of the anatomy 
or even to some certain disease, but that 
of the well-trained and broad-minded 
physician who has éroadened his training 
to include special and expert knowledge in 
some particular field. 

This conception of the “unity of medi- 
cine” includes, to my mind, not only the 
harmonious functioning of all parts of the 
medical machine,—quite the opposite of 
“standardization” or 
but also the idea of historical continuity. 
It is a true saying that “the past is the 
prologue of the future.” It is not safe to be 
ignorant of the achievements of the past 
nor to neglect its teachings and warnings. 
Of how little value, for example, would all 
of the revelations of radiology in the study 
of the chest be today were it not for the 
fundamental work of Laennec supple- 
mented by that of Rokitansky and Vir- 
chow, with added details by scores of other 
workers, before the roentgen ray ever came 
into existence. How superficially empirical 
would be our roentgen and radium therapy 
today were it not for the knowledge of 
biology and pathology which has been 
gradually accumulated through many past 
years. There is a certain “tyranny of the 
past” which we must accept as inevitable. 
It is our part to harmonize our work with 
what has gone before in such a way that 
we may, in the words of Sainte-Beuve, 
“reconcile tradition with independence of 
thought and freedom of action.” 

An international meeting such as that 
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which we are inaugurating here tonight 
furnishes many examples of the harmony 
and unity that exists in the scientific world 
in general and in medicine in particular. 
Here we have together men of all nations, 
physicists, biologists and physicians, united 
in a scientific program which covers every 
phase of research and practical diagnostic 
and therapeutic work in the field of radiol- 
ogy. The program has been carefully ar- 
ranged to bring up to date the subjects 
which received special consideration at 
previous international congresses; namely, 
education in radiology, the treatment of 
cancer, and the work of the committees on 
standards of measurement and protection. 
A scientific exhibit has been assembled and 
arranged with special attention to its edu- 
cational value. The manufacturers have 
brought together an array of apparatus 
such as has probably not been seen before 
at any meeting of radiologists. The history 
and literature of radiology can be studied 
in the book exhibit which represents the 
bibliography of radiology from its very be- 
ginnings down to the present moment. 
Teachers and research workers from the 
universities and special institutes of every 
country are assembled here; their work will 
be made available to you in the scientific 
program, the exhibits, and the special 
educational courses which have been pro- 
vided for those who register there. 

It is my great privilege and satisfaction 
to salute my countrymen who are in at- 
tendance at this Congress and in their 
name to extend a most cordial welcome to 
our colleagues from other countries near 
and far. It is our earnest hope that this 
Congress may make important contribu- 
tions to the advancement of medical knowl- 
edge and serve to more firmly unite us all 
in pursuit of the high purposes and ideals 
which our past demands. 
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ADAPTATION AS A FACTOR IN THE CURE OF 
CANCER BY RADIATION* 


By JAMES EWING, M.D. 


Memorial Hospital 
NEW YORK CITY 


HEORIES regarding the mode of ac- 

tion of radiant energy upon tumor 
tissue in the cure of malignant tumors 
have suffered repeated changes in the past 
thirty years; they are today considerably 
altered from their original conception, and 
do not yet furnish a complete explanation 
of all the facts observed. Certainly, they 
do not enable us to obtain complete success 
in therapeutic efforts. 

It was first assumed that the tissues be- 
haved passively under the bombardment 
of rays, and that the destruction of tumor 
cells, while sparing the normal cells, de- 
pended upon the greater sensitivity of the 
former, and that this selective action de- 
termined the cure. All the normal cells had 
to do was to survive the bombardment and 
heai the lesion as they would heal any 
tissue damage. For the highly sensitive and 
embryonal tumors this explanation prob- 
ably covers the main facts in the process. 

Yet, with the major forms of resistant 
cancer, such as epidermoid carcinoma, re- 
quiring the higher dosages, one does not 
find such evidence of selectivity, for the 
normal tissues must be made to suffer 
severely, and in some modern techniques 
they must be destroyed along with the 
tumor cells, if a cure is to be effected. In 
such cases the theory demands that all 
tumor cells must be destroyed outright, 
while the healing process results from the 
regeneration of normal surviving tissue 
elements. Pursuing this theory, radiologists 
began to increase the dosage to high 
limits, and they spoke of a carcinoma kill- 
ing dose or a sarcoma killing dose, accord- 
ing to their observation of the necessary 
amount required for a cure. The general 
results of this period of massive killing 
doses were so disastrous that they were soon 


abandoned and the practice of fractionated 
dosage has replaced them. 

The theories that have directed and at- 
tempted to explain the divided dose plan 
vary. It has been assumed that by repeated 
exposures over a long period the tolerance 
of cells to radiant energy was maintained 
at the saturation point, which reached the 
lethal point without the usual destruction 
of normal tissues. Yet, under any method 
both types of cells must receive the same 
dosage. It was still assumed that the sole 
object to be attained was the direct killing 
of cancer cells. 

Again, it has been assumed that by 
divided doses the cells were successively 
attacked at their vulnerable period of 
mitosis, until all were eventually killed, by 
an intensity of radiation, which over a 
short period and with resting cells would 
have been ineffectual. Yet, observations 
are still at variance regarding the height- 
ened susceptibility of cells in mitosis. The 
mitosis may be stopped but the cell not 
killed. There is also accumulating evidence 
from Spear’s laboratory and elsewhere that 
much of the destructive effect of radiation 
is upon the cytoplasm. Few mitoses persist 
after the first exposures. This theory also 
centers upon the killing of cancer cells. 

It has also been argued that tumor tissue 
experiences successive waves of growth in 
which all the growth factors are heightened 
and relatively more susceptible to radia- 
tion, at which time the exposure to the rays 
is more effective and is selective, and the 
selective action more pronounced. I am 
not aware that any definite morphological 
evidence has demonstrated that the major 
forms of cancer experience such waves of 
growth as some observers have assumed to 
exist, at least during the short treatment 
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period. Here again the attention is directed 
entirely to the effects on the tumor cells. 

Accordingly, it seems necessary to admit 
that neither the selective action of the rays 
between tumor cells and normal cells, nor 
the higher susceptibility of tumor cells in 
mitosis, nor the greater vulnerability of 
tumor tissue during assumed periods of 
accelerated growth suffice to explain the 
improved results of prolonged treatments 
by moderate doses. 

As a pathologist accustomed to study 
much material treated in various ways by 
radium and roentgen rays, my attention 
has long been drawn especially to the part 
played by the reaction of the tumor bed in 
the radiation cure of certain forms of 
carcinoma, and I early came to the con- 
clusion that this reaction of the tumor bed 
played a predominant part in the cure of 
the disease, although the effects on tumor 
cells were an essential and probably pri- 
mary factor in the whole process. The 
grounds for this view were stated in 1922, 
and again at greater length in 1925, before 
the American Roentgen Ray Society, and 
need not be repeated here. 

The results of the divided dose technique 
of recent years have offered new evidence 
in support of the theory of the prime im- 
portance of the tumor bed reaction in the 
cure of carcinoma, and has also suggested 
the existence of another factor in radiation 
reaction, which I wish to suggest for your 
consideration. 

If one takes a well-established infiltrat- 
ing, suppurating, squamous epidermoid 
carcinoma such as is often found in ad- 
vanced cancer of the lip or skin and treats 
it with fractionated high voltage roentgen 
rays (as, for example, 200 kv., 30 ma., 
o.§ mm. Cu filter) with a daily dose ad- 
justed to the portal size and given over a 
period of three or four weeks with a total 
dose sufficient to produce at the end of that 
time a severe blistering reaction in the 
superficial tissues, the sequence of events 
during such treatment will be as follows: 

At the end of the first week or ten days 
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there will be hyperemia, swelling, pain and 
increased exudation. In the second week 
one will note beginning destruction of the 
superficial normal epithelium with erosion, 
some decrease in bulk of the tumor, sug- 
gesting destruction of infiltrating tumor 
cells, with some increase in the pain and 
swelling. In the third week there is a rapid 
increase in the intensity of the superficial 
reaction and in the tumor. In the fourth 
week swelling and induration of the part 
definitely diminish or disappear while re- 
generating epithelium begins to grow in 
from the edges of the denuded area. This 
healing takes place in the face of continued 
irradiation. In the fifth week, treatment 
being discontinued, the inflammation sub- 
sides, the signs of tumor infiltration dis- 
appear completely and do not recur pro- 
vided that the dose has been properly 
selected. The surface healing of the epi- 
dermis is completed, and the local area may 
return to normal or nearly normal appear- 
ance and texture. Then the cure of the 
cancer is complete. How is one to interpret 
these phenomena? 

There are at least four separate factors 
to be considered. (1) There has been 
destruction of tumor cells, because at the 
end of the treatment they are missing. (2) 
There has been destruction of normal epi- 
thelium, because one can see the raw 
eroded surface. (3) There has been re- 
generation of the normal epithelium be- 
cause one can see it growing out over the 
ulcerated surface and eventually covering 
the surface with normal epithelium. (4) 
There has been a process of adaptation by 
the epithelium, because while the epithe- 
lium was at first destroyed by the rays, in 
the third week it begins to grow in the face 
of continued irradiation with the same 
dosage. 

I believe that the most important factor 
in this process is the element of adaptation. 
The normal epithelium acquires a resist- 
ance to the rays by a process of adaptation, 
and is able to regenerate under a dosage 
which originally destroyed the preéxisting 
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epithelium. At the same time the tumor 
cells, subjected to exactly the same dosage 
do not exhibit that power of adaptation 
and regeneration but perish, and in this 
respect they differ from normal cells. 
Upon this difference the cure of the cancer 
seems to depend, for the normal epithelium 
may regenerate and the cancer cells do not. 

During this period when we are observ- 
ing the behavior of the epithelium, what 
becomes of the deeper tissue elements in 
the lip infiltrated with carcinoma cells? Do 
they not possess the same power of adapta- 
tion as does the epithelium? Since they are 
able to throw off the infection and the 
tumor cells, dead or merely degenerating, 
and to restore the lip to a normal form and 
consistence, there is reason to assume that 
they also, like the epithelium, have enjoyed 
a power of adaptation to.the rays and are 
able to regenerate in a normal manner even 
under an exposure which was originally 
damaging. Upon this power of adaptation 
and regeneration of the tissues of the tumor 
bed the cure of the deep portion of the 
cancer seems to depend. That this exposure 
ordinarily produces necrosis of deeper 
tissue cells such as is observed in the epi- 
thelial layer is improbable, but it is clear 
that the character of the reaction in the 
deeper tissues changes from an exudative 
and degenerative to a reparative process 
and this change occurs under continuous 
heavy irradiation. 

It is evident that the treatment factors 
must be nicely adjusted to permit the 
favorable course of events just described. 
Adaptation is not observed under all con- 
ditions. Excessive doses destroy all cells 
and leave indolent ulcers which never heal. 
Overdoses, especially long continued, are 
well known to cause diffuse, boardy fibrosis 
which probably means that the fibroblasts 
and blood vessels have suffered some de- 
gree of necrosis. Inadequate doses fail to 
induce the necessary degree of tissue re- 
action and the tumor cells survive. It is 
remarkable how, under the best conditions, 
the healing process is accompanied by so 
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little trace of scarring and the new lining 
epidermis appears fairly normal. That the 
tissues have nevertheless received some 
damage which persists permanently is in- 
dicated by the fact that the first treatment 
may not be repeated without danger. Such 
areas are very susceptible to sunlight. 

In the conduct of treatment by moderate 
divided doses the operator must therefore 
endeavor to produce a superficial reaction 
sufficient to cause necrosis of the epithelli- 
um, a deep reaction sufficient to produce 
marked degeneration of tumor cells and 
sharp exudative inflammation, but not to 
overstep the limits under which the normal 
cells may exhibit their power of adaptation 
and regeneration. 

While under the above conditions cancer 
cells do not exhibit any power of adapta- 
tion, such power may be displayed to a 
notable degree under other conditions. 
Every radiotherapist has seen conditions 
in which, in heavily irradiated tissues, 
groups of well-stained tumor cells lie in 
masses of hyaline fibrillar tissue where they 
resist all attempts at destruction. Avascu- 
lar cancer after irradiation exhibits appa- 
rent immunity against further irradiation. 

The above treatment factors apply 
especially to superficial cancer but they 
may not be suitable for other regions. It is 
well known that epidermoid cancers in the 
different tissues react differently and re- 
quire dosages adjusted to the resistance of 
the superficial epithelium and the vascular 
and nerve supply of the deep tissues. How- 
ever, it appears that the occurrence of 
epithelitis in mucous membranes and sharp 
vesication in the dry skin is a rather reliable 
indicator that the dosage has reached the 
critical point where tumor cells within a 
short distance of the surface have been 
devitalized and the desired adaptive re- 
generation of the normal tissues may occur. 
The experienced operator may and does 
closely observe the reaction in the third 
week and suspends treatment or adds to it 
according to the degree of reaction of the 
tissues. 
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In suggesting this theory of adaptation 
and regeneration as a partial explanation 
of some of the facts observed in the course 
of treatment by divided doses, I am fully 
aware of the complexity of the conditions 
concerned and of the improbability that 
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any simple theory may suffice to explain 
all the results. However, it is highly de- 
sirable to have some theory on which to 
proceed, and which may be supported or 
rejected in the light of additional obser- 
vations. 


REMINISCENCES OF A RADIOLOGIST 


By HENRY K. PANCOAST, M.D. 
Professor of Radiology, University of Pennsylvania 
PHILADELPHIA, PENNSYLVANIA 


ie SEEMS quite fitting that the remi- 
niscences in connection with a Radio- 
logical Department should be }written 
over forty years after the beginning of 
the rather general use of the x-rays, dis- 
covered a year before that time by Pro- 
fessor R6ntgen. Probably the writer has 
written his last scientific paper, but there 
is much to tell of the history and the per- 
sonal experiences that cannot be included 
in a purely scientific dissertation on the 
subject of radiology. Hence, this oppor- 
tunity becomes a welcome one, although 
an entirely scientific paper or the writing 
on a wholly scientific subject might be 
better liked. We older-men are often asked 
by the younger generation for some of the 
incidents we personally observed in the 
early days of radiology, when it first be- 
came a special branch of medicine, and it 
gives us pleasure to talk over old times, but 
to write any sort of a history of radiology 
is quite different from listing a bibliog- 
raphy. Articles and even books have been 
written on radiology, as men of the early 
days have various stories to tell that may 
be of interest to men of the later days, and 
each man has had different experiences. In 
writing the history of a radiological de- 
partment such as ours, it is difficult not to 
include personalities, and experiences with 
patients, and it is hoped that their in- 
clusion from time to time will prove in- 
teresting. 

There has always been a great deal of 
discussion about the danger of radiology 
falling into uncertain hands, and this 
hazard will probably always prevail, as it 
has from a very early period. I was first 
told of this many years ago by a well- 
known internist, when we were treating 
one of our early leukemia cases. This oc- 
curred at a time when hospital druggists 
and technicians were spending their spare 
time working and experimenting with 


roentgen apparatus. They had the time 
and opportunity to do work of this kind 
when it was very simple, with roentgen 
diagnosis limited to the location of very 
opaque foreign bodies, the determination 
of fractures, and the detection of very evi- 
dent bone disease. Later, diagnosis became 
far more complicated and intricate, ne- 
cessitating the true medical knowledge of a 
specialist, who required not only a sound 
general medical experience but a thorough 
anatomical understanding as well. Even- 
tually, as would be expected, commercial 
roentgen laboratories sprang up and flour- 
ished under the leadership of laymen, and 
even of technicians such as we have men- 
tioned. These men were disposed to split 
fees, although this vicious habit has prob- 
ably been little, if any, worse in radiology 
than it has been in connection with the 
other specialties of medicine. It is expected 
that such organizations will continue, but 
the men who foster and encourage them 
will be controlled, to a certain extent, by 
the American Board of Radiology, which 
examines and certifies the men and women 
capable of making roentgen examinations 
and of giving roentgen treatments. 
During our late depression, a new diffi- 
culty arose with the temporary unrest be- 
tween hospitals and radiologists. Most of 
the latter have to work in the former at 
present, both for economic reasons and 
those of saving time. It so happens that a 
hospital management can determine the 
receipts and expenditures of a roentgen 
department with more ease than it can in 
any other professional portion of the insti- 
tution, including internal medicine and 
surgery. A hospital, perhaps, forgets that 
the roentgen department now does diag- 
nostic, and even treatment, work for the 
entire staff. It also overlooks the fact that 
one way by which the general ability of a 
hospital and its staff is judged is by the 


169 


VoL. 39, No. 2 
= 


170 


character of the work done by its roentgen 
department. Needless to say, the radiolo- 
gist should be recognized as a member of 
the staff of the hospital and, as such, should 
make himself indispensable to the insti- 
tution. In former years, the radiologist was 
in the habit of making his own examina- 
tions and giving treatments. Now, this 
specialist is so busy that all he can do is to 
see every patient, prescribe just what is 
to be done, observe the result to be sure 
that it is satisfactory and, as a rule, leave 
the actual examinations and treatments to 
trained technicians. Otherwise, the work 
is unfair to the three most vitally con- 
cerned—the radiologist, the referring phy- 
sician and the patient. Only in this way 
can we hope to avoid divisions by hospitals 
into technical and professional services and 
the exploitation of radiologists by such 
institutions. 

In the early days, roentgen treatments 
were haphazard and largely experimental, 
quite frequently mere guess work. They 
were based almost entirely upon the fact 
that prolonged exposure to the rays was 
destructive to tissues exposed to them. We 
did not have voltmeters, but judged volt- 
age, when this was thought necessary, by 
the length of the parallel spark of the 
secondary circuit. Likewise, a milliammeter 
was a thing unknown for a circuit such as 
we used, and if we wanted to know how 
much current was being used for a roent- 
genographic or a therapeutic exposure, 
we just guessed at it by the “fatness” 
of the spark. Good guessers and men of 
experience became good roentgenologists. 
As a matter of fact, we soon came to judge 
the amount of current going through the 
secondary circuit, including the tube, by 
the amount going through the primary cir- 
cuit, and recorded this as amperes instead 
of milliamperes. The only trouble was that 
if a tube gas vacuum dropped, more cur- 
rent went through the primary circuit. We 
had to keep a constant watch on the tube 
vacuum by the resistance of the secondary 
circuit, which was not a difficult problem 
when we knew what we were doing. Such 
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data were considered more important in 
those days for roentgenographic exposures 
which had to be made with some degree of 
accuracy, and the therapy cases were ex- 
posed a short time each day or two until 
there was some visible reaction. Neverthe- 
less, we did get many good results in treat- 
ment by this haphazard method of applica- 
tion. Needless to say, the total dose was 
rarely attempted at one sitting. 

This brings to mind the subject of the 
various kinds of interrupters used on coils 
in the necessary endeavor to break the con- 
tinuous primary current then in general 
use. The care of these interrupters was 
quite a piece of work, but this subject an- 
ticipates our story. 

The earliest history we now have of a 
radiological department was some time in 
1896, when my predecessor, Dr. Charles 
Lester Leonard, was given a room in one 
of the upper floors of the William Pepper 
Clinical Laboratory of the Hospital of the 
University of Pennsylvania to use for his 
work, which, at that time, must have been 
more or less experimental. Figure 1 shows 
Dr. Leonard about to make an examination 
of a patient on a litter. Examinations were 
then made, as shown in the illustration, by 
means of a 7-inch Queen coil, operated by 
20-volt storage cells, with a current broken 
by a mechanical spring interrupter. At 
that time, we had to pay particular atten- 
tion to “‘self induction,” in connection with 
this type of interrupter, for the self-induced 
current, unless properly taken care of, was 
apt to cause too much sparking between 
the platinum points. The tube, of the Edi- 
son type, and later of the Queen’s auto- 
matic regulator type, had to be held or 
suspended by a laboratory stand, such as 
that used for holding burettes and flasks. 
No tables could then be bought for this 
purpose. 

The earliest notes obtainable from the 
hospital in regard to the Radiological De- 
partment state that early in the year 1897 
the x-ray department was moved from the 
William Pepper Clinical Laboratory to a 
room in the Surgical Dispensary, in the 
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then new Agnew Memorial Pavilion of the 
hospital. This room brings up vivid recol- 
lections, for in it I started to work about 
five years later. It was a room 10 X20 feet 
in dimensions, partitioned off from the 
waiting room of the old Surgical Dis- 
pensary, with a door at one end and high 
windows on one side for ventilation. The 
so-called “‘dark room” was a closet two 
floors above, under the general surgical 
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latter was supplied by a motor generator 
which transformed the 110-volt hospital 
current into one of 20 volts, provided the 
brushes were kept clean, the commutator 
smooth, and the hospital voltage remained 
normal. 

The room in the Surgical Dispensary 
proved to be too hot for the summer 
months and, in May, we had to move to 
the floor above, into a side room off the 


Fic. 1 


. Old illustration re-photographed, showing Dr. Leonard in his roentgen-ray 


room, about to “skiagraph”’ a patient on a litter, in the William Pepper Clinical 
Laboratory, Hospital of the University of Pennsylvania, with a 7-inch Queen 
coil operated by 20-volt storage cells. The nurse is Mrs. McNally, afterwards 


head nurse in the men’s surgical ward. 


amphitheatre, and did contain a sink, with 
running water. The operator, or dark room 
man, could turn around, not too easily, 
when developing a single ta’ IT glass 
plate, but there was no room for a visitor. 
The hospital records show further that Dr. 
J. William White, in 1899, donated to the 
institution another coil, purchased from 
Leeds and Northrup Company. This was 
more or less a portable outfit and gave a 
much heavier discharge, indicated by 

much heavier spark. It would safely de- 
liver a spark 8 inches long. The spark gap 
determined the secondary voltage em- 
ployed. This coil was, likewise, operated 
upon a 20-volt primary circuit, but the 


men’s surgical ward, after I took charge 
in 1903. When we moved back again in 
cooler weather, we had to spread out be- 
cause of the addition of an 18-inch coil, 
supplied by the old Roentgen Manufactur- 
ing Company. This permitted a slight 
change in the secondary voltage through 
the agency of, what was then known as, 
“variable primary inductance.” By this 
means, it was possible to alter the relations 
of primary and secondary windings of the 
coil by tapping in at various points in the 
primary circuit. 

It is interesting to note that in 1900, in 
the first printed report of the X-Ray De- 
partment by Dr. Leonard, he stated that 
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he had examined 69 ward patients, 14 out- 
patients, and 3 student ward patients 
during the preceding year, making a total 
of 86 examinations for the year. He further 
reported that the X-Ray Department had 
been materially improved in its usefulness 
and was now extensively used in skiag- 


Fic. 2. Diagram of a mechanical spring interrupter, 
such as we were accustomed to use at one time. 
(Modified from “Electricity, its Medical and Sur- 
gical Applications,” by Charles S. Potts, M.D., 
Lea & Febiger, Philadelphia, 1911.) This was 
operated by a shunt circuit from the primary cur- 
rent passing through the metal post, F; the screw, 
H; the spring, G; and thence through the winding 
of the magnet spool, 7; the latter having a high 
resistance to make sure of the shunt circuit. Path 
of primary circuit for interruption: metal post, D; 
brass screw, C; platinum point, Z; and spring, 4; 
to primary winding of coil. Interruptions caused 
by separation of platinum points, E. The “make” 
of the primary circuit is due to the magnetization 
of ¥, K, and resulting pull on armature, Z and 
its spring, B, which in turn drags back on spring, 
G, and not only breaks the shunt circuit but also 
the primary current to the coil by separation of 
B, E. Elevation of the weight, W, increases the 
amplitude of vibration of Z, and tends to make 
the “break” of the primary circuit more rapid. 


raphy and therapeutics. Compare these 
figures with those of the year 1930-1931, 
when 8,648 patients were examined and 
50,171 roentgenographic exposures were 
made, with 6,115 roentgenoscopic studies 
and 10,769 roentgen treatments in addition. 

The aforementioned 18-inch coil was 
operated by a mechanical spring inter- 
rupter (Fig. 2), and with this combination, 
we were able to make our first barium 
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enema examinations, which were really re- 
lied upon at that time. The enema was 
first given without preliminary roentgenos- 
copy and the roentgenographic exposure 
was made afterwards, usually by means of 
a single plate, with the patient, in the re- 
cumbent posture, lying upon it on a couch 
—a board between the couch and the 
plate. A second plate was often exposed in 
a similar manner after evacuation. Need- 
less to say, such examinations would not 
be. regarded as very accurate at present, 
but were accepted then, as the process was 
the best we knew at that time. Stomach 
examinations were not attempted in ear- 
nest. Dr. Pfahler first wrote a paper on 
stomach examinations about 1904, and the 
illustrations were not very enlightening 
from the diagnostic standpoint. There has 
always been room for: improvement, as 
anyone who makes gastrointestinal exam- 
inations must know. 

This discussion of the. 18-inch coil and 
its work anticipates our story somewhat. 
I was in the habit of meeting Dr. J. William 
White at the front door of the University 
Hospital each day and walking up the 
corridor with him. One day, in 1902, during 
such a walk, Dr. White said to me, ““How 
would you like to try the x-ray work if 
Dr. Leonard gives it up?” As I had nothing 
to do at that time but give anesthetics at 
the hospital and attend to a very limited 
outside practice, the suggestion was a wel- 
come one. How easy it was in those days 
to become a radiologist by the shortest 
affirmative reply! The title at the time, 
“skiagrapher,” was a meaningless term 
implying only diagnostic roentgenology, 
which, as a matter of fact, was about all 
the term, or roentgenology, really was. In 
training for the new work, it was necessary 
to spend eight to ten hours with Dr. Good- 
speed, Professor of Physics, and, a little 
later, president of the American Roentgen 
Ray Society. At the expiration of the time, 
he told me that was all he knew of the 
subject and that any further knowledge 
would have to be gained through experi- 
ence, and so it had to be! 
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Dr. Leonard gave up the work in 1902, 
and then it was that I went to work in the 
little room off the surgical dispensary, with 
the small 20-volt coils. Dr. Leonard’s hands 
were badly burned at that time, but he 
continued to do the same work, mainly in 
his private office, until the summer of 1913, 
when he died, a real martyr to the specialty 
he had helped to create while connected 
with the hospital. Dr. Kassabian, who pre- 
ceded Dr. Leonard in martyrdom and 
death, worked in other institutions in 
Philadelphia. Dr. Leonard had been asked 
to write up the history of roentgen exam- 
inations of the gastrointestinal tract and 
to make his report at the Radiological Sec- 
tion of the International Congress at Lon- 
don, in 1913. As he could neither finish the 
work nor attend this Congress, he asked 
me to make an abstract of the subject and 
to present it at the Congress for him. This, 
I was happy to do. 

During the second summer, that of 1904, 
we again moved to our somewhat cooler 
quarters on the floor above, near the men’s 
surgical ward, only to move back again in 
the autumn. This same year, another floor 
was added to one of the Agnew Pavilion 
wings, south of the eye ward, expressly for 
the X-Ray Department, and into this we 
moved during the winter of 1904 and 1905, 
thus gaining more space. We occupied these 
quarters until 1918, when we moved into 
the present ones, on the first floor of the 
J. William White Pavilion, and gained still 
more space. The new department occupied 
in 1904-1905, comprised nine main rooms 
and half of a sun parlor, all of which have 
since been made over into private rooms. 
One of these nine rooms was in the nature 
of a workshop, and was later turned into a 
photographic room as well. We had a diffi- 
cult time in keeping this room, as the idea 
of giving lover a 10’X14’ room for such 
purposes was not thought necessary for an 
x-ray department! 

Stomach roentgenography was started 
on glass plates in this new department 
about 1908 or 1909. A device, made in the 
above-mentioned workshop while patients 
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were being treated, was used for exposing 
the plates in the erect posture. We were 
hesitant about roentgenoscopy then, hav- 
ing seen the bad effects of exposure by this 
means upon two of the men in our city and 
also upon our first permanent nurse, who 
had received a partial epilation as a result 
of too much exposure. But the roentgeno- 
scope came into general use for chests and 
stomachs as soon as Mr. H. Clyde Snook 
could convince us that the apparatus, upon 
which he was working at the time, was 
reasonably safe for this purpose. 

Before we moved upstairs, into our more 
commodious quarters, the dark room had 
been moved into a large room in the base- 
ment, nearly under our first little x-ray 
room. At the time, this was a great step in 
advance. It was in this room that I re- 
ceived a bad shock, attempting to save 
time by turning off one electric switch on 
a fixture with one hand and, at the same 
time, turning another one on, with the 
other hand. As a result, I slipped on the 
wet, wooden floor and struck my head on 
the corner of an iron sink, receiving a tem- 
porary concussion. Needless to state, this 
time-saving operation was not repeated. 

While working in our one room quarters, 
I was sent for one night to examine a man 
with a supposed fracture of the spine. He 
had been struck by a trolley car. In this 
particular case, a negative diagnosis was 
made by the skiagrapher without the 
benefit of a roentgen examination. The 
man was sent to the x-ray room in a bed 
which would not go through the door into 
the room. Consequently, the examination, 
which required about ten minutes’ ex- 
posure for a single plate of the spine in the 
anteroposterior direction (lateral views 
were unsatisfactory at that time) had to 
be made in bed, in the hall. There were no 
reels in those days, and annunciator wire 
had to be strung from the coil in the far 
end of the room to the tube in the hall, 
supported in between by bandages fastened 
to the chandelier. The tube was one of the 
old Queen variety, with the terminals on 
the outside affixed by sealing wax. It was 
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clamped into a burette holder and placed 
on a wide board, which had been inserted 
under the patient’s back to keep the plate 
from breaking. All of this equipment was, 
of course, on the bed. During the exposure, 
one of the wires began to swing and per- 
mitted a spark to ground on the head of 
the bed. In attempting to quiet this wire 
with a yard stick, we inadvertently pro- 
duced a cataclysm. The heated sealing wax 
permitted the terminal to come off the 
tube and the wire dropped on the patient. 
He at once jumped out of bed and the tube 
went with him. The noise of the breaking 
roentgen tube and the sensation of sparks 
hitting him from all directions were more 
than the patient could bear, and he jumped 
up, ran upstairs, got into his clothes and 
left the hospital. After wading through 
high tension wires and getting numerous 
shocks on the legs, we finally succeeded in 
shutting off the machine without further 
mishap, and of course ventured a negative 
diagnosis for possible fracture of the spine. 

It was about this same time that we were 
sent for one night to localize a bullet, sup- 
posed to be lodged in a patient’s brain. It 
was at this early date that we learned that 
a bullet may be lodged deeply in the tem- 
poral muscles and, by two views of the 
head with the central ray passing through 
the center of the head, that the foreign 
body may appear to be within the skull. 
We have not made this mistake since then. 

It was, also, during the time of our so- 
journ in the lone room in 1902-1903, that 
I had my first consultation. This was in 
connection with a breast case being treated 
at the patient’s home, in which there was 
only alternating current. On our advice, 
the patient purchased a Kinraide coil, the 
only machine obtainable on short notice 
that would satisfactorily operate on an 
alternating current without a rectifier. 
Incidentally, we used a Swett and Lewis 
tube and stand for the first time in connec- 
tion with this machine. Afterwards, we 
used these in our own laboratory, as they 
had an automatic vacuum reducer on the 
stand. The consultation on this patient was 
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with the late Dr. Francis H. Williams, of 
Boston, and he was my first teacher of the 
principle of cross-firing in therapy. The 
procedure was necessary in this case on 
account of involvement of the mediastinal 
lymph nodes. At that time, there were, on 
the American market, no satisfactory tube 
shields, hence the operator received a treat- 
ment every time an exposure was made 
upon a patient. Dr. Williams showed me 
that a very satisfactory tube shield could 
be constructed by simply taking a thin 
box, that would just fit around a tube, and 
covering the box with successive layers, or 
coats, of white lead. 

In 1903, before I was a member of the 
American Roentgen Ray Society, its an- 
nual meeting was held in Philadelphia, in 
December, in Houston Hall of the Uni- 
versity of Pennsylvania. I was told by the 
chairman of the executive committee to go 
ahead and make all the arrangements, as 
I would be elected to membership at the 
meeting! It was at this session that we 
made our first report of 100 cases of malig- 
nancy treated by roentgen irradiation. 
Some were apparently cured, some were 
obviously worse, and others, unaffected. 

I remember very well that, among the 
100 cases just recited, there was a young 
negro with extensive lupus vulgaris of the 
face, eyelids and nose, who had been re- 
ferred to us by the ophthalmological clinic. 
The necessary reaction of treatment had 
destroyed the pigment so that the skin 
healed up white, and the case was reported 
because of this. An enterprising newspaper 
reporter paid the patient a trifle to have a 
photograph made and, in some way, ob- 
tained one of mine. Imagine my surprise 
when these pictures appeared side by side 
on the front page of the evening edition 
of the paper, labeled as doctor and patient, 
with the former responsible for turning a 
negro white by x-ray treatment! There- 
after, I received congratulatory letters 
from all over the world about this result, 
even a copy of a humorous rhyme in the 
London Punch, and some offers to be made 
a member of learned societies. In conse- 
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quence of this memorable effect, two inci- 
dents have been indelibly imprinted upon 
my mind. One of these is a subsequent visit 
of a negro woman who brought her small 
daughter to see how much it would cost to 
turn the girl white, thinking she would, 
thereby, have a better chance in life. The 
second is a letter, from somewhere in South 
America, inquiring how much I would 
charge to send a box of x-rays to be used 
to turn a black man white! It seemed quite 
a coincidence that the original patient 
should later appear on our street as the 
garbage collector. 

It was at this same meeting of the Ameri- 
can Roentgen Ray Society that someone 
showed, upon the screen, a chest that had 
been exposed while the patient held his 
breath. This exposure must have been 
made in about twenty seconds. It was 
amusing, and at the same time surprising, 
to hear a man back of me say, “‘He’s a 
——— liar!’ We were then making our 
chest exposures in nearly ten minutes, or 
nearly as long as other exposures through 
the body and hips. 

When, during the winter of 1904-1905, 
we moved to our new quarters on the 
third floor, we installed a new 24-inch coil 
(Fig. 4) with a mechanical spring inter- 
rupter (Fig. 2), which was used for treat- 
ments, and a Wehnelt electrolytic inter- 
rupter (Fig. 3) for skiagraphy. The former 
took but a small amount of current in the 
primary circuit and just enough to prevent 
excessive sparking between the points, and 
gave about one milliampere of secondary 
current as measured by a milliammeter, 
with which the machine was equipped. 
The electrolytic instrument required 30 or 
more-amperes in the primary circuit, de- 
pending upon the amount of exposure of 
the platinum anode of the interrupter, and 
this developed 4 to 5 milliamperes of cur- 
rent in the secondary circuit, depending 
somewhat upon the “hardness’”’ of the tube 
used, and, of course, the condition of the 
platinum points just mentioned. We had 
many visitors who wanted, presumably, 
to see the entire department, but who, in 
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reality, wanted to see the 24-inch sparking 
between the points of the coil. After the 
New York meeting of the American Roent- 
gen Ray Society, we were showing this 
phenomenon to a number of visitors and 
the coil “blew up,” or to be more exact, 
the insulation around the secondary wind- 
ing had developed a large bubble from fre- 
quent demonstrations, and this blew out, 
or exploded. I was at first surprised by the 
noise and then by a large piece of the in- 
sulating material which flew past my face, 
and was, later, distressed to have lost this 
large coil. A few visits from Mr. Snook, 
however, served to dispel the latter sensa- 
tion. He had been working at the depart- 
ment of physics upon his new transformer 
that needed no interrupter, developed more 
secondary current without the use of so 
much primary current, and, by its recti- 
fier, transformed an interrupted duo-direc- 
tional secondary current into a uni-direc- 
tional current. As a result, we installed his 
second or third transformer, a 2-kilowatt 
machine run by direct current. While Mr. 
Snook was experimenting with this new 
machine, particularly with the view of 
finding out its output capacity, we loaned 
him our pet gas tube for chests and stom- 
achs, and were much chagrined to see this 
tube destroyed in a grand display of fire- 
works at the first attempt at an experi- 
mental chest exposure of Mr. Kelly. How- 
ever, it was soon after this that Dr. Lewis 
Gregory Cole sponsored the demonstration 
of the new Coolidge hot cathode tube in 
New York, and since that time, similar 
accidents to tubes have not occurred. 
The Wehnelt interrupter could be used 
for treatments, but we were in the habit 
of using less current for this purpose than 
for roentgenographic exposures. If used for 
therapeutic purposes, under such circum- 
stances, the Wehnelt interrupter required 
less platinum or iridio-platinum anode ex- 
posure than was necessary for a roentgeno- 
gram. In order to avoid changing the point 
continuously, a multiple point switch could 


be used. 


Interrupters were a great source of 
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trouble. The electrodes of the Wehnelt 
instrument (Fig. 3) were immersed in an 
electrolyte solution of from 15 to 20 per 
cent, by volume, of sulphuric acid in water. 
This solution had to be of considerable 
quantity, because use produced a great 
deal of spray, heat and weakening. On 
account of the spray, the box covering the 


Wehnelt interrupter. 
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holes near its top for ventilation. Despite 
the greatest care, an explosion would occur 
occasionally when the bubble around the 
anode grew large enough to communicate 
the flashing around this terminal with the 
gaseous atmosphere in the box and glass 
jar. Because of the impossible prevention 
of the leak of acid solution in perceptible 


Fic. 3. Diagram of a Wehnelt electrolytic interrupter and its anode. (Modified 
from “Electricity, its Medical and Surgical Applications,” by Charles S. Potts, 
M.D., Lea & Febiger, Philadelphia, 1911.) Platinum anode, C, sealed in porce- 
lain insulating sheath, D-D, and in turn connected with the positive wire to the 
primary circuit of the coil above. Covering this insulating sheath is a permanent 
porcelain tube, F-F, with an opening at its lower end to permit just the platinum 
anode to project for a variable distance beyond, as desired. The screw, K, threads 
into the lid, Z, of the instrument, and the turning or adjustment of this permits 
of the amount of surface exposure of C. The glass contaner, B, is usually set in a 
wooden box lined with paraffin, so that its contents, WY, a 20 per cent solution by 
volume of sulphuric acid, will not char the wood or top, L, of the box. The other 
pole, M, is a large lead plate permanently fixed in position. Bubbles of gas form 
upon the surfaces of both these electrodes, but the lead plate having a 
larger surface than the platinum tip, the gas bubble on the latter interrupts the 
current until thrown off, when this circuit is made again. 


amounts, it was well to set the entire 
instrument in a glass dish. It was our cus- 


solution and electrodes and the lid, had to 
be thoroughly lined by a thick coat of 


paraffin. A thick covering of machine oil 
reduced the effect of the spray, but caused 
a disagreeable odor, and yet the interrupter 
had to be kept in the open. The acid solu- 
tion level had to be kept well above the 
platinum anode, because the electrolysis of 
the water produced explosive gases, and in 
the correct amounts for explosion. For this 
reason, the box covering had numerous 


tom to attend to the interrupters Saturday 
afternoons or Sundays. This operation con- 
sisted in filing off the platinum points of 
the mechanical interrupters and at least 
emptying the glass dish of the Wehnelt 
instrument. The paraffin coating was care- 
fully examined and patched if necessary, 
the platinum point adjusted and the liquid 
solution renewed as needed. Following 


+ 
M— q 
<> 
| ES 
=| 


VoL. 39> No. 2 


these procedures, it was always necessary 
to clean up the floor of acid solution. 

The 24-inch coil (Fig. 4) was equipped 
with a milliammeter, and with this, for the 
first time, we were able to ascertain how 
much current was passing through the 
secondary circuit. This was provided that, 
in addition to the resistance of the tube 
and the remainder of the secondary con- 
ductors, sufficient series spark gap was put 
into the circuit. The main object of the 
latter maneuver seemed to be to offer 
sufficient resistance to cause the “‘make’”’ 
discharge or the “‘inverse’’ to be at a mini- 
mum, or not to be operative at all. This 
was troublesome at times with the me- 
chanical spring interrupter. Later on, we 
tried valve tubes for this purpose, but 
found them difficult to manipulate, and a 
nuisance. The Wehnelt instrument was not 
so susceptible to slight changes in voltage 
as the mechanical spring interrupter, and 
voltage changes were of very frequent oc- 
currence on a hospital circuit. The me- 
chanical spring interrupter would not work 
with a reversed or an alternating current 
in the primary circuit. The Wehnelt instru- 
ment worked in an irregular manner on a 
reversal of this current and became, there- 
fore, a rectifier of an alternating current, 
but did not work well upon one, and the 
polarity was best determined by the am- 
meter on the primary. Moreover, it was 
not necessary to use a condenser with the 
electrolytic interrupter. 

This action brings to mind the power 
house fire during the winter of 1905-1906. 
We can remember this fire for two reasons, 
one at the beginning and one at the end 
of it. | was catheterizing a female patient 
in one of the private rooms when the lights 
in the hospital went out, at the time of the 
arrival of the first fire engines, and the pro- 
cedure had to be finished by candle light. 
The power house, which supplied us, and 
the rest of the hospital, with current, was 
located in the basement and first floor of 
the building on the corner directly across 
the street. The Engineering School of the 
University was located on the upper floors 
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Fic. 4. Photograph of a diagram of a 24-inch coil, 
modified and somewhat similar to the one men- 
tioned in the text, except that the coil proper and 
the milliammeter, C, M, are turned around. The 
voltmeter and ammeter, 4, B, are in the primary 
circuit in which is also the rheostat, E. The me- 
chanical spring interrupter is indicated by F, and 
of the double throw switches, G and H, one is for 
use of this or the Wehnelt interrupter, while the 
other is to reverse the primary current. Above 
the rheostat, is the variable inductance switch, 
while to its right is the switch for primary self 
inductance. In the cabinet, 7, was kept lead foil 
and other supplies. The former at that time was 
often the lead foil lining of tea boxes. 


of the same building. Our department had 
a fire escape and a hose at its entrance. As 
the fire was directly opposite the hospital 
and the entire building was being gutted 
by the flames, I, with some of the residents, 
climbed up on the peak of the hospital roof 
to put out any fire that might affect our 
building, as the wind was in our direction. 
All of this happened on the coldest night 
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of the winter. When the fire had fairly well 
burned up the opposite building and the 
flames were very nearly under control, we 
started to come off the roof, but found that 
the wind had carried the spray thereon and 
that it had frozen into a sheet of ice. Get- 
ting down off the roof was a precarious 
undertaking, but finally, the smallest and 
lightest resident was lowered by hand until 
his feet touched the gutter and then he was 
able to help the rest of us to safety. 

After this fire, the entire University had 
to try current from the street wires, and it 
was found that our roentgen machines did 
not operate satisfactorily upon the alter- 
nating current thus supplied. After numer- 
ous conferences, wires were strung up from 
the Philadelphia General Hospital to our 
department to supply a direct current to 
the roentgen machines and we had to be 
satisfied, even though this current was 
likely to drop in voltage considerably dur- 
ing a roentgenographic exposure because 
of the length of the line. However, we soon 
learned to make allowance for this. 

Before 1913, we were working entirely 
with gas tubes, and went through the vari- 
ous stages of development of these from 
the Queen self-regulating tube and the 
osmosis regulating types, to the Snook hy- 
drogen tube, which was the last one of this 
type we employed until Coolidge brought 
out his hot cathode tube. Attention has 
been called to the fact that Dr. Cole invited 
many of us to the first public demonstra- 
tion of this tube in New York. Since that 
time, the transformer and the hot cathode 
tube have served to do away with many of 
the troubles of roentgenologists who had 
to use coils and gas tubes. With gas tubes 
we had to learn that there were two main 
principles involved in their development— 
the automatic regulator and the more rapid 
dissipation of heat from the target. In the 
first tubes with which we had any experi- 
ence, the targets were simply made of a 
plain disk of platinum. This metal was em- 
ployed because the essential principle of a 
good target was that it should be composed 
of a metal of hardness and high melting 
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point, such as was possessed by certain 
alloys and platinum, iridium, tantalum, 
etc. Tungsten was not then produced in 
usable quantities, or at least in the form 
of targets. Tubes of the Queen type had 
targets of flat, plain platinum disks. Next 
came into use tubes with greater thermal 
capacity, such as the disk of platinum 
soldered on to a solid block of copper. Soon 
after this came the heavy anode tube, such 
as the Gundelach or osmosis regulator tube, 
with a long, tubular, iron jacket screwed 
around the base of the copper backing. 
Another device was the water-cooled tube 
in which the platinum disk and copper 
backing formed the base or bottom of a 
water chamber, which was. funnel shaped 
at the top where the water was poured into 
the chamber. Water had a very great 
thermal capacity. The main trouble with 
such a tube was its awkwardness for gen- 
eral use. We found that an iridio-platinum 
disk with a copper backing and a tubular 
jacket behind all this was the most satis- 
factory target, and it was a tube of this 
kind that was our choice for use on chests 
and stomachs. It was this same tube that 
was ruined in the experiments with the 
transformer. Many of the tubes of this day 
had accessory anodes. In such tubes, the 
increased bulk of metal had to be con- 
sidered during exhaustion. The real value 
of this accessory anode seemed to lie more 
in theory than in practice or actual use- 
fulness. 

Gas tubes had to be “seasoned” before 
actual use began. This process, as we 
understand it now, was to get a certain 
amount of finely divided platinum thrown 
off from the target and embedded in the 
glass of the anterior hemisphere, or the 
part of the tube in front of the target. Then 
the attempt had to be made to heat the 
tube and get the residual gas out of the 
metallic parts and deposited in this finely 
divided platinum. Tubes might have very 
high vacuums for gas tubes and yet be 
“soft”? because of gases occluded in the 
metals. Seasoning made them “hard” by 
driving out this gas and also a lesser 
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amount in some of the deposit in the glass 
walls. Fine deposits of other metals of the 
tubes occurred in other places, and it was 
sometimes advantageous to run a tube 
backward when soft in order that excess 
gases might be driven out of the anode and 
be taken up by these deposits. Sometimes 
the inverse in a tube tended to deposit 
gases from the other metallic parts, and 
this was apt to be brownish in color, in 
contrast to the purplish color of finely 
divided platinum or iridio-platinum. 

The first improvement in tubes was in 
vacuum regulation by means of the addi- 
tion of a device known as the vacuum 
regulator, the object of which was to add 
new gas as the old became occluded in the 
platinum deposit from the anode of the 
tube. Regulation obviated “‘baking” of the 
entire tube, which was the process the older 
ones had to go through once in a while 
when they became too hard. We are thank- 
ful to be able to state that we escaped this 
period of baking. Two types of regulators 
came into use: the osmosis type, of which 
we used the Gundelach variety; and tubes 
with automatic shunt regulators. The 
reason for selling the Gundelach tube and 
our excuse for using it were probably the 
fact that Queen and Company held com- 
prehensive patents upon the automatic 
regulation of the vacuum of roentgen tubes 
by means of a shunt circuit around the 
tube. There were many more or less suc- 
cessful and alleged infringements upon this 
patent, and we had numerous visits by 
representatives of Queen and Company 
when we had other makes of tubes in stock. 

The Gundelach tube had a very thin 
platinum tube fused into the cathode stem 
or sleeve of the roentgen tube. This plati- 
num regulator was closed at its outer end, 
and when this was heated in an alcohol 
flame, the thin regulator was made porous 
and probably aqueous vapor or some other 
gas was forced through and lowered the 
vacuum in the main tube. Care had to be 
observed not to overheat the regulator or 
the vacuum would be brought too low. 
In the Queen or Sayen tube, the regulator 
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was a main auxiliary tube or bulb merely 
fastened to the main one, while it in turn 
contained a third bulb communicating with 
the main tube and with a target fused into 
one end of it and terminating in a small 
amount of potassium hydroxide. The main 
auxiliary regulator bulb had an anode and 
cathode of its own. The cathode was con- 
nected with an adjustable spark gap on the 
outside, and this took its spark from the 
negative terminal of the main roentgen 
tube. Upon cooling, the chemical reab- 
sorbed the gas it had given up, and the 
vacuum was raised again. The regulator 
thus required constant sparking through 
the adjustable spark gap and so deviated 
part of the secondary current that would 
otherwise go through the tube proper, to 
say nothing about annoying the patient. 
A later development of this tube had an 
osmosis regulator bulb for lowering the 
vacuum of the auxiliary bulb, as this was 
inclined to get too high and allow the 
auxiliary regulator bulb to puncture. 

A more modern type of tube had asbestos 
in the regulator and was impregnated with 
a chemical substance which gave off gas 
as current passed through, mainly in the 
form of a spark. This tube worked by auto- 
matic regulation or the automatic spark 
gap could be transferred from the swivel 
arm on the tube to the coil. This latter pro- 
cedure had the advantage of sparking not 
going on all the time near the patient if a 
treatment were being given. The Swett 
and Lewis tube, of which type we employed 
many, had the regulating arm on the tube 
stand and not a part of the tube. 

The so-called Miller tube had a some- 
what different device for lowering the 
vacuum and also a raising device. The 
lowering mechanism was a series of mica 
disks with some chemical substance be- 
tween the leaves. The raising device was 
also within the regulating bulb, and con- 
sisted of a spiral of palladium wire wound 
around a glass rod. We always found this 
more fanciful than useful. 

In connection with all shunt regulators, 
the milliammeter measured the total cur- 
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rent going to the tube, and might cease to 
be reliable as an index of the amount of 
current going through the tube itself. 
Moreover, a regulator of this type might 
become a menace to a tube during a roent- 
genographic exposure because regulation 
might occur at the time of the exposure and 
too much current go through the regulator, 
or it might become punctured or crack. 
Barring accidents, a good gas tube was ex- 


Fic. 5. Diagram of the Caldwell type of cavity 
tube. (Modified from “Electricity, its Medical and 
Surgical Applications,” by Charles S. Potts. Lea 
and Febiger, Philadelphia, 1911.) The anode is 4, 
and the cathode, B. The roentgen rays are pro- 
duced by the projection of the cathode stream 
from B, against the glass of the end beyond L. 
The glass container of the water to cool the glass, 
L, is ¥. An attendant holds the tube in place by 
grasping the insulated handle, H, using care to 
keep away from, and to keep apart, the two sec- 


ondary coil wires attached to the terminals, 4’ 
and B’, 


pected to make several hundred roent- 
genographic exposures, but even then, it 
did not compare with the modern hot 
cathode tube. 

During the early years of our x-ray work, 
we had our first experiences with cavity 
tubes. This was at a time when radium was 
coming into use as a therapeutic agent, but 
was very expensive. Radium was the only 
means of treating tumors of cavities such 
as the mouth, rectum and uterus satis- 
factorily. Roentgen rays had been em- 
ployed for this purpose, but the target of 
the tube had, of necessity, to be at some 
distance from the region treated and the 
treatment had to be applied through a lead 
glass or metal speculum, supplied with a 
handle or otherwise fastened into place. If 
the central ray and the cavity of the specu- 
lum got out of line in any way, the patient 
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either received no exposure or got it where 
it was not needed. Moreover, only a small 
area could possibly be treated at a time, 
and there might be no way of marking the 
area already treated. For these reasons, 
cavity tubes came into use. There were two 
general types: the one in which roentgen 
rays emanated from a metal target and one 
in which they were produced by the glass 
itself. Our experience was with the latter 
variety, known as the Caldwell tube 
(Fig. 5). Both had to be held in place, an 
attendant grasping the tube by an insu- 
lated handle. In the former type, having a 
real metal anode and target, all parts of the 
tube were made of lead glass except the end 
of the sleeve from which the roentgen rays 
emanated. The tube had to be kept at a 
low vacuum since the lead glass had very 
little lead in it, as was the case with most 
lead glass of those days. This tube had a 
lowering device. The disadvantage of both 
types was the small volume and feeble 
penetration of their output while their 
main advantage lay in the obviation of the 
use of a speculum. The Caldwell tube had a 
distinct advantage in the fact that the 
roentgen rays came from the embedded 
end, which, unfortunately, although the 
anode and target, was also the glass end of 
the projecting or embedded sleeve of the 
tube. Because of the heat evolved at this 
point and the danger of puncture, all of 
this sleeve had to be enclosed in a glass 
water jacket, which still further absorbed 
the output. Even so, this tube became too 
hot for the patient in from five to fifteen 
minutes. In a modified form, a platinum 
target was placed in the end of the em- 
bedded projecting part of the tube. These 
tubes were not of much value, and are 
mentioned because they were evidently the 
early forerunners of the Chaoul tube now 
in use rather successfully, the apparatus 
and such a tube having been recently do- 
nated to our department through the gen- 
erosity of Mr. William H. Donner. This 
modern apparatus simply goes to show 
that there is very little that is absolutely 
new at present in roentgenologic work, and 
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that old principles, including possibly that 
of Coolidge’s electron tube, are eventually 
made of practical value and use. 

The use of gas tubes for a short time in 
circuit with the greatly increased output 
of the transformer brought up many 
troubles. It was fortunate that we were 
well supplied with gas tubes at this time, 
especially in connection with deep therapy. 
We were in the habit of running a gas tube 
on the transformer until the vacuum began 
to drop. At this point, it became necessary 
to change to another hard tube. It was 
possible to run a hard gas tube only three 
or four minutes before its vacuum began 
to drop. It was no unusual operation to 
have to use three to five tubes during one 
deep treatment. 

Filters came into use before the time of 
the transformer. Our first ones, employed 
upon the advice of Dr. Pfahler, were pieces 
of sole leather soaked in water, for the pur- 
pose of making them resemble the skin as 
much as possible. Metals and wood soon 
replaced the troublesome leather. 

Intensifying screens came into general 
use at a comparatively early date and were 
quite frequently employed during the old 
plate days long before the war began, the 
first ones being imported from Germany 
and called by the rather euphonious name 
of ‘“‘Gehlerfolie.”” These screens were placed 
in the envelopes on the emulsion side of the 
plates. This, together with the pressure of 
the patient’s body, was supposed to make 
a fairly good contact. There was plenty of 
lag in these early screens, and one could 
easily tell, on removal of the screen in the 
dark room within a reasonable time, just 
what part of the body had been exposed. 
We thought this lag could be advan- 
tageously used in the future exposure of 
the plate, and, when it was possible, we 
allowed the screen to stay in the envelope 
next to the emulsion for some time after 
its use. Shortly after this, and during the 
early meetings of the Philadelphia Roent- 
gen Ray Society, we had ample oppor- 
tunity to talk over with Dr. H. Threlkeld- 
Edwards the question of intensifying 
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screens, and he brought out his own 
screen, which proved to be very satis- 
factory, at that time. Just prior to and 
during the war, he supplied us with in- 
tensifying screens in cassettes and with 
very little lag. These fulfilled a much-felt 
need. Everyone knows the value of screens 
at the present time. 

About this same time we were treating, 
for Hodgkin’s disease, a patient who hap- 
pened to be a chemist for one of the firms 
that is today extensive film makers. This 
man recognized the future of intensifying 
screens and we carried out experiments 
for him. With his death, however, came the 
end of the making of screens by that firm. 

Soon after the war, before films became 
generally popular, we were greatly an- 
noyed by having to use many different 
kinds of plates, some of which were of con- 
siderable size and required different times 
of exposure. Chief among these were 
Cramer, Ilford, Schleussner, Defender, 
Paragon and Paragon Screen, Lumiere and 
Seeds. At that time many of the plates were 
developed at night as they took so much 
time. As a mattér of fact, most of the de- 
veloping could have been done in the after- 
noon, but that was the time when members 
of the staff came to the department and 
wanted to see the head man, who, it so 
happened, was also the chief developer. On 
one occasion, an important staff member 
burst into the dark room and turned on the 
lights and spoiled a great part of a day’s 
work. The plate rocker was of great assist- 
ance. 

We were very glad when Dr. D. R. 
Bowen devised his soapstone tank for de- 
velopment of plates in the upright position 
and can very well remember when our own 
tank arrived. The elevator would not take 
it upstairs without more steam. We knew 
that the tank weighed approximately 1,350 
pounds and called for volunteers among 
the hospital residents and orderlies until 
their combined weight indicated just how 
much “steam” was required to make the 
trip. 

Little can be said in regard to tables for 
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little can be remembered. When we started 
work, we inherited an old Queen table with 
a fiber top and this was all that we required 
for quite a while, with the addition of a 
rattan couch for treatments. Our receipts 
show that we purchased a Scheidel- 
Western table in 1914, and we know that 
we later used this for some of our treat- 
ment work and then purchased a Snook- 
Roentgen table, with localizer and treat- 
ment appliances. This probably served our 
purposes until the Potter-Bucky dia- 
phragm came into use. 

When we occupied a single room off the 
old surgical dispensary, we had only the 
services of a part-time nurse to get women 
patients ready. For this purpose, we bor- 
rowed the services of the late Miss Baker 
from the nearby gynecological ward. There 
was, also, a part-time assistant to look 
after some of the therapy cases. When we 
moved to the third floor to our then com- 
modious quarters, we were supplied with 
a full-time pupil nurse, Miss Evaul. This 
nurse suffered considerable epilation from 
too close contact with some of our therapy 
cases while under treatment. It seemed 
strange that she should become a patient 
about five years later, as Mrs. Otto, and 
be treated for splenomyelogenous leu- 
kemia. She died of this disease in Ig10. 

We became interested in the variations 
found in the truncal shadows in the chests 
of different individuals and, about 1915, 
Dr. Landis mentioned the fact that he 
thought the best way to study this par- 
ticular subject was to examine the chests 
of different individuals working at various 
occupations. This suggestion was carried 
out and, as a result, we found that workers 
in organic dusts did not develop lung 
changes. This study was our first experi- 
ence with silicosis, which study has been 
continued until the present time. 

We had always been interested in the 
treatment of leukemia and Hodgkin’s dis- 
ease and, about 1906 or 1907, we wrote 
our first paper on this subject, with a re- 
view of the literature. It is with interest 
that we recall the fact that Dr. Stover, an 
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old and onetime member of the American 
Roentgen Ray Society, had reported one 
of the first cases of leukemia treated up to 
that time. In 1tg1t or 1912, Dr. Alfred 
Stengel suggested to me that as leukemia 
seemed to be a disease similar to tumors 
and was apparently primary in the bone 
marrow, and that the other manifestations 
of both types outside of the blood and 
bones were like metastatic phenomena 
from a primary cellular growth, it might 
be well to treat the bone marrow as the 
primary seat of the disease. His suggestion 
met with immediate acquiescence and we 
at once started to treat the bone marrow of 
our patients with this condition, and have 
continued to do so ever since then, though 
we have found it necessary to expose the 
metastases as well in some cases. As this 
has proved to be an incurable disease, it 
has been more economical, in some cases, 
to expose some of the metastases only, or 
some of the metastases and some of the 
bones. 

Attention has been called to the fact 
that when we first began treatments, about 
all we had to work with as dosage factors 
were the length of the parallel spark, as an 
indication of primary voltage, and its 
thickness, as a means of estimating the 
amperage of the current, especially the 
secondary. We did not mention the fact 
that penetration was often estimated by 
looking at the hand through the roent- 
genoscope, and it is quite likely that con- 
siderable damage was incurred in this way. 
Soon the milliammeter came into use, to 
tell us how much secondary current we 
were using. This was certainly a great step 
in advance, and led up to the present 
method of recording and comparing dosage 
by roentgens. We never made much use of 
the Kienbéck photographic strips as the 
method was troublesome and required 
standardized dark-room development and 
temperature. We did use the Hampson 
radiometer quite extensively by 1913, but 
found that the pastilles were likely to be- 
come discolored and to be inaccurate, and 
it was somewhat of a nuisance to have to 
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light a candle for exact readings. Never- 
theless, this means of measurement was 
used up to 1916. We never used the 
Sabouraud-Noiré radiochromometer, as the 
personal equation was greater than with 
the Hampson instrument, and we did not 
consider it accurate. 

The modern eye foreign body localizer 
was purchased from the old Roentgen 
Manufacturing Company in 1909. It was 
called the Improved Sweet Localizer. Dr. 
deSchweinitz, who was the one most in- 
terested in its use, raised the greater part 
of the money required. A letter shows that 
the cost was much less than at present. 

In 1914, the hospital board authorized 
the purchase of the second Snook trans- 
former, a 10-kw. machine, which was used 
for roentgenography, while the first one 
was transferred to another room and em- 
ployed for treatments. It was by the dis- 
charge of the latter that I grounded one of 
the wires from the secondary on top of my 
head one day. This felt more like a brick 
or a club than an electric shock. Our first 
Coolidge tube filaments were heated by 
storage batteries instead of transformers, 
hence the frequency of shocks. 

About 1906 or 1907, the Philadelphia 
Roentgen Ray Society was founded in the 
office of Dr. Leonard. At first we held our 
meetings in the offices of the members, and, 
after the discussion of scientific subjects 
pertaining to our specialty, we were in the 
habit of partaking of refreshments and ex- 
changing stories, some of which are still 
remembered. Dr. Shober was quite ener- 
getic in this connection and we were always 
interested in his talks on his early experi- 
ences with radium and emanation. Like- 
wise, it was always interesting to listen to 
the talks by Dr. Threlkeld-Edwards and 
Mr. H. Clyde Snook. During a recent orgy 
of throwing away old letters and receipts, 
I happened to come across an old letter 
from Dr. D. R. Bowen, dated October 1, 
1915, and written on the letterhead of the 
Philadelphia Post-Graduate School of 
Roentgenology, asking for a subscription 
to pay expenses to date. This letterhead 
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indicated that the school consisted of the 
following members of the society: Drs. 
Pfahler, Newcomet, Manges, Bowen, Pan- 
coast and Mr. Snook. This school was 
started by the Philadelphia Roentgen Ray 
Society and had six students during its 
first year. It was probably the first post- 
graduate school in roentgenology in the 
country and it is interesting to note that 
it was sponsored by our local society. Soon 
after this, the Graduate School of Medicine 
of the University of Pennsylvania was 
formed and evidently absorbed our school, 
which took students for a comparatively 
short time only. 

Philadelphia roentgenologists played an 
important part in the early history of 
American roentgenology. Professor Good- 
speed was president of the American 
Roentgen Ray Society when it met in 
Philadelphia in December, 1903, which 
was the usual time of the meetings at that 
period of its history. The reason for this 
particular month was that it was about the 
time of the anniversary of Réntgen’s defi- 
nite announcement of the discovery of the 
x-rays. At this meeting, Dr. Leonard was 
elected president of the society. Dr. Pfahler 
and Dr. Manges each served in this ca- 
pacity. I became secretary during 1911 and 
1912, and president, 1912 and 1913. The 
secretary and the president, even at that 
time, made up the program of the meeting. 
The American Radium Society held its 
organization meeting in Philadelphia in 
1916. Dr. Aikens became the first presi- 
dent. I became secretary during 1917 and 
1918 and was made president in 1919. Dr. 
Pfahler was also an early president. 

In the early years of the American 
Roentgen Ray Society, Dr. George C. 
Johnston happened to be sitting next to 
me during one of the meetings and we 
started talking on the subject of the need 
for a certificate of membership. Dr. Johns- 
ton then rose to his feet and gave a talk 
about the merits of such a procedure. The 
society, a little later at this meeting, de- 
cided to have the certificates with which 
we are familiar. 
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For a period of six years, 1920 to 1926, 
under appointment by the National Tuber- 
culosis Association, several members of the 
American Roentgen Ray Society were en- 
gaged in the study of the roentgen appear- 
ance of the healthy chest, first during 
childhood and then later life. I was ap- 
pointed chairman of this committee, which 
included Drs. Baetjer and Austrian of 
Baltimore, Drs. Dunham and Blackfan, 
and later Morris, of Cincinnati and Dr. 
Landis of Philadelphia. 

At the 1928 meeting of the American 
Medical Association, a committee was ap- 
pointed to consist of members of the Radio- 
logical Section of this association and, also, 
from all allied radiological organizations, 
with Dr. Groover as chairman, to recom- 
mend a nomenclature for our specialty. As 
chairman for the American Roentgen Ray 
Society, I sent our report to Dr. Groover, 
and it was adopted by the Section on 
Radiology of the American Medical Asso- 
ciation and, later, by the American Roent- 
gen Ray Society. 

This reminiscence seems somewhat out 
of place without mention of an agent we 
have learned to use and without which our 
present therapy would be sadly lacking. 
Our first supply was given to the Uni- 
versity Hospital by Mr. George H. Mc- 
Fadden, then President of the Board of 
Managers. This gift was made in May, 
1914, and consisted of approximately 100 
mg. of radium element. We were brought 
up, as it were, with roentgen rays and 
started work with this agent before radium 
was used extensively, but we soon learned 
the value of the latter as a therapeutic 
agent. About this same time, 1914, Mr. 
George H. Frazier loaned the hospital 126 
mg. of radium element, part of which was 
to be used by Dr. Charles H. Frazier in the 
treatment of brain tumor cases. The ra- 
dium, of course, was fully insured. Through 
its use, we were able to obtain successful 
primary results in carcinoma of the cervix 
with Dr. John G. Clark, who was so much 
pleased with the effects of the radium that 
he procured some of his own. We also re- 
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member taking some of the Frazier speci- 
mens to the German Hospital one day to 
place them in a case for Dr. John B. 
Deaver. 

After the receipt of Mr. McFadden’s 
radium, both it and the Frazier specimens 
were consigned to our care, so, in order to 
learn how radium had best be applied, I 
went to New York to see Dr. Robert Abbe. 
I spent a day with him and no one ever had 
a better teacher or more enlightening dem- 
onstrations. 

Everyone who has had charge of radium 
has had experiences with its loss. Our first 
one of this kind and the amount lost make 
the story worth telling. One afternoon we 
put 50 mg. in a capsule screwed to a handle 
for the use of one of the laryngologists for 
the treatment of a growth in the nose. As 
the radium was not returned on time, we 
called up the doctor’s clinic and found that 
he had gone to his office, which, in turn, 
was called. Our reply from the doctor was 
a most startled exclamation, followed by 
his appearance in a very short time. It 
seemed that he had taken the radium and 
the container out of the patient’s nose and 
had absent-mindedly placed them in his 
vest pocket. That was the last he remem- 
bered about them. We looked faithfully for 
the lost radium by means of an electro- 
scope, but finally had to give up. News- 
paper men came to see us and advised ad- 
vertising in the lost and found columns of 
the various papers, but we thought the 
best plan was the publication of an article 
on the loss of the radium. This particular 
tube had cost $6,000. The incident occurred 
at the beginning of the war. A little over a 
week after the loss of the radium, a soldier 
from one of the camps came to the hos- 
pital for baking and massage of an injury 
to one of his thighs as a result of being 
thrown from a horse. During the course of 
his treatment, he happened to show his 
nurse a silver capsule containing a glass 
tube with some kind of powder in it and 
asked her if she knew what it was. The 
nurse at once recognized our lost radium 
tube and brought it to me for confirmation. 


VoL. 39> No. 2 


It seemed that this man had picked up the 
container on the university campus, one 
day at twilight when it was beginning to 
snow, had put it in his trousers’ pocket and 
had carried it there for over a week. Need- 
less to say, we had a late radium burn to 
care for. 

In 1918, the late Professor R. A. F. 
Penrose, Jr., gave to the hospital a 25 mg. 
tube of radium, which we exchanged, in 
1923, for two needles. In 1925, after treat- 
ing Mr. McFadden successfully for some 
epitheliomata, he raised the money and 
presented the hospital with approximately 
50 mg. more of radium element, in the form 
of needles. After the death of Dr. John G. 
Clark, in 1927, we were given the care of 
his 100 mg. of radium, and, in 1934, Dr. 
Floyd E. Keene placed 100 mg. more in 
our care, with permission to use it when- 
ever it was not being used in connection 
with gynecological cases. This makes ap- 
proximately half a gram of radium that 
has come into our hands for use. 

Some mention should be made of the 
teaching by our department during our 
country’s part in the World War. Follow- 
ing the declaration of war, medical officers 
had to be trained, and as part of their work 
had of necessity to be roentgenological, our 
teaching became essential. Part of this had 
to be routine and was taught in connection 
with our regular undergraduate classes, 
but a portion had to be the demonstration 
of some of the various methods of foreign 
body localization. In this work, we dealt 
especially with the methods taught roent- 
genological officers in the various army 
training schools by Dr. David R. Bowen, 
the late Dr. Willis F. Manges, and others. 
At our class demonstrations, we discussed 
the use of the roentgenoscope, with due 
reference to its dangers, but with the re- 
minder that, in many of the methods of 
accurate localization, its use was indis- 
pensable. We were teaching surgeons and 
had to emphasize the value and necessity, 
as well as the dangers, in connection with 
methods of localization that had to be done 
more quickly than in civil practice. Speed, 
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accuracy and comfort for the patient and 
safety for all had to be carefully con- 
sidered. All recommended methods of local- 
ization were taught, and it was then left to 
the judgment of the surgeon and the roent- 
genologist as to which method would be the 
most efficacious under the circumstances. 

These reminiscences have now reached 
the time when we moved the laboratory 
to its present very convenient quarters on 
the first floor of the J. William White 
Pavilion, which was finished for our occu- 
pancy in 1918. We would regard this 
as modern times, with the alterations 
which modernity impose, and surely it was 
a great development from the one roent- 
genographic room and dark room of 1904 
to the total of fifty-nine rooms of 1936 
(Fig. 6). 

Our first deep roentgen therapy ap- 
paratus was purchased about 1923, and 
was located in rooms 22 to 25 (Fig. 6), 
largely through the generosity of Mr. Fox, 
of the Board of Managers of the University 
Hospital. About 1930, Dr. Keene obtained 
money for a new deep therapy outfit in the 
place of this first-one, and a Kelley-Koett 
apparatus was installed. In 1935, this same 
company installed a second deep therapy 
outfit, so that we are now able to operate 
four treatment machines, including the 
two deep therapy outfits, one for super- 
ficial treatments, and the Chaoul apparatus 
donated by Mr. Donner, in 1936. 

I have always realized the fact that an 
assistant, if retained for many years in 
such a capacity, is not apt to develop much 
initiative. | had had about seven assistants 
in twenty years who, for one reason or 
another, had left me for other fields of 
work, and as I had to be away most of the 
day on naval roentgenological duties at the 
time of our moving in 1918, it became ob- 
vious that the time had come to look for 
some one who, after adequate training, 
could take my place after my own work 
was. finished. Dr. Pendergrass was of great 
assistance in moving our laboratory from 
its old quarters on the third floor to its new 
location on the first floor of another wing 
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of the hospital. He, too, was in the Navy 
during the war and stationed temporarily 
with me. Although not attracted to the 
work of the laboratory at first, Dr. Pender- 
grass was compelled by war duty to accept 
it, and proved in a short time to be the 
right man for my assistant. He was, of 
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pital responsibilities and, when it was 
necessary for me to become inactive, he 
was well able to take my place, and to 
share with me the title of Professor of 
Radiology of the University of Pennsyl- 
vania. Through all these years, Dr. Pender- 
grass has been a willing helper, a loyal and 
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Fic. 6. Diagram of the floor plan of the present laboratory to show the great expansion of our radio- 


course, treated as such at first in order to 


logical department from one room off the waiting room of the old surgical dispensary in 1904 to 
a total of 59 rooms, counting cubicles, dressing rooms and lavoratories, in 1936, in the basement and 
first floor of the J. William White Pavilion and unused orthopedic gymnasium on the first floor 
level. Note that the attempt has been made to keep the diagnostic and therapeutic parts separate, 
and that there are two complete examining units in the diagnostic portion, one of which, 6 and 7, 
is used mainly for private patients. Rooms 24 to 27 have been rearranged and a new hallway built 
parallel to the main hall for controls for the two deep therapy and the one superficial treatment 
rooms and the transformers, and room 30 has been made into a room to house the new Chaoul 
apparatus. Next to 30 was an unused orthopedic gymnasium which has been made over into exam- 
ining rooms, offices and a large lecture room. Room 1g is the dark room, moved up recently from 
the basement, with a few changes added. The clothes chute above room 1g B, has been given to us 
as a waiting room for private patients undergoing such examinations as intravenous urography. 


competent assistant, and an_ unfailing 


get the proper training, but later, after he 
had proved his worth, he was accepted as 
an associate. He has been accorded all the 
rights and privileges of such a position 
without the personal, university and hos- 


friend. Although giving up my connection 
with the laboratory is the hardest thing 
life has demanded of me, it is with the 
greatest satisfaction that I leave my work 
in my associate’s care. 
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AIR MYELOGRAPHY 
THE SUBSTITUTION OF AIR FOR LIPIODOL IN ROENTGEN 
VISUALIZATION OF TUMORS AND OTHER STRUCTURES 
IN THE SPINAL CANAL* 
By BARTON R. YOUNG, M.D., and MICHAEL SCOTT, M.D. 


PHILADELPHIA, PENNSYLVANIA 


VT HE value of lipiodol in localizing the 
level of a Jesion in the spinal canal has 
long been recognized but, due to the likeli- 
hood of bad effects, we have attempted to 
substitute a substance that is innocuous 
and is capable of being absorbed. For this 
reason we have used subarachnoid injec- 


spinal canal block visualized by injec- 
tion of small amounts of air, the lesions be- 
ing confirmed by subsequent laminectomy. 

Our own series of air studies emphasize 
the usefulness and accuracy of the method 
as in each of our 13 cases the exact level 
of the lesion, demonstrated by air myelog- 


C 


Fic. 1. Lumbocaudal myelography in a case of “sciatic neuritis.’’ Ober fasciotomy and pyriformis section 
with no relief. Nucleus pulposus defect shown above uncovered by laminectomy. Films taken with patient 
in Trendelenburg position; 20 cc. air injected. 4, normal caudal sac; B, nucleus pulposus defect; C, tracing 


showing this defect. 


tions of air routinely at the Temple Uni- 
versity Hospital since January, 1936, in any 
patient suspected of having a spinal cord 
tumor or any other space-taking lesion of 
the spinal canal. 

Dandy! in 1918, suggested the use of air 
to outline the spinal canal. Coggeshall and 
von Storch,’ in 1934, advocated its use to 
visualize the caudal spinal sac. They pre- 
sented myelograms of 3 normal cases. Van 
Wagenen,’ in 1934, published 3 cases of 


raphy, was verified by laminectomy (see 
Table 1)¢. No one can doubt the efficacy 
and simplicity of the procedure where a 
complete block exists. Practically this 
amounts to a lumbar puncture with injec- 


+ We wish to acknowledge our indebtedness to Dr. Temple 
Fay, Chief of the Departments of Neurology and Neurosurgery, 
and to Dr. W. Edward Chamberlain, Chief of the Department 
of Radiology. Dr. Fay performed the laminectomies and gener- 
ously permitted us to report these cases, all from his service at 
Temple University Hospital. Dr. Chamberlain developed the 
special apparatus and technical methods which resulted in our 
use of air as the contrast medium for myelography. 


* From the Departments of Radiology and Neurosurgery, Temple University Medical School and Hospital, Philadelphia, Pennsyl- 
vanis. Read at the Fifth International Congress of Radiology, Chicago, Ill., Sept. 13-17, 1937. 
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tion of a few cubic centimeters of air plus 
films of the spine with the patient in the 
The trapped air is easily 
visualized on the roentgenogram and the 


sitting posture. 


Case 


+ 


(13) HLF. 


M 
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level thus established. The lumbocaudal 
sac is easily filled with air and is clearly de- 
lineated by it. Nucleus pulposus (or carti- 
laginous disc)herniations may be discovered 
if this is done, so we see no reason for the 
use of lipiodol for this condition unless air 
studies are negative (Fig. 1). The diagnosis 
of a partial block entails no more work than 
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does a complete one if sufficient air is 
trapped below the block to see it, but if the 
air passes into the cranium, it is still pos- 
sible to visualize the lesion at another sit- 
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ting by replacing spinal fluid with air 
through cisternal puncture with the pa- 
tient in the Trendelenburg position. 
Before air is injected a thorough roent- 
gen study of the spine is indicated to rule 
out any lesion which might be demon- 
strated by the usual methods. Any roent- 
genologist whose equipment enables him to 
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Fic, 2. Three cubic centimeters of air injected at second lumbar interspace trapped at level of top of lamina 
of third thoracic vertebra. Laminectomy revealed a neurofibroma. Films taken in sitting position. 


Fic. 3. Herniated nucleus pulposus producing complete block at level of third lumbar vertebra; 5 cc. air 
injected at fourth lumbar interspace; films taken in sitting position. 
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Fic. 4. Complete block at level of lamina of twelfth thoracic vertebra produced by a meningioma; 
4 cc. air injected; films taken in sitting position. 


take films of the patient in upright or 
Trendelenburg position is prepared to 
make these studies. If there is some doubt 
as to the location of the block we use large 


size(14”X17")films so as to include as much 
of the spine as possible. After the block is 
located, the use of cones and special pro- 
jections may be resorted to in order to 


Fic. 5. Combined lumbar and cisternal injection of air localizing the upper and lower level of a meningioma 
which completely blocked the spinal canal. Lower level of block shown above, left. Two days later upper 
level of tumor outlined by cisternal injection of air shown above, right. The composite tracing in center 


shows the extent of the lesion. 
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bring out details which might not have 
been demonstrated by the larger survey 
films. We believe that the minimum film 
requirements are stereoscopic anteropos- 
terior and lateral projections. In order to 
obtain the best quality films, the Potter- 
Bucky diaphragm should be used; in fact, 
for the very obese or large muscular in- 
dividual it is a necessity. 

The procedure varies somewhat, de- 
pending on the level of the lesion. If the 
lesion is suspected below the third lumbar 
vertebra (lumbocaudal sac), the patient 
is placed on a suitable roentgen-ray table, 
on his side, in the Trendelenburg position 
at an angle between 30 and 45 degrees. (We 
have found a cysto-urographic table quite 
satisfactory for this work.) A No. 18 or 20 
gauge spinal needle is inserted into the 
subarachnoid space at the second lumbar 
interspace and spinal fluid and air are ex- 
changed in 5 cc. volumes until air returns 
from the needle. It usually takes from 20 
to 35 cc. of air to outline the lumbocaudal 
sac in adults. The needle is then withdrawn 
and stereoscopic lateral projections are ob- 
tained before the patient is turned to the 
supine position for the anteroposterior 
studies (Fig. 1). 

Provided the clinical findings place the 
lesion above the third lumbar vertebra 
(lumbo-thoraco-cervical sac) the spinal 
needle is inserted in the third lumbar inter- 
space with the patient on his side in the 
horizontal position and a Queckenstedt 
test is done. If the Queckenstedt test shows 
a partial or complete block, 3 to 6 cc. of 
spinal fluid is carefully replaced by an 
equal amount of air so that the spinal 
fluid pressure is kept as constant as pos- 
sible. The patient is then placed in the 
sitting position against the upright Potter- 
Bucky diaphragm for the film examination 
(Figs. 2, 3 and 4). If manometric readings 
show no evidence of partial or complete 
block after repeated jugular compression, 
air injection at this site is mot done because 
the air would ascend into the cranial cav- 
ity. If this be the case, the entire spinal 
canal can be outlined by placing the pa- 


Air Myelography 


tient in the Trendelenburg position at 30 
to 45 degrees and through cisternal punc- 
ture replace the spinal fluid by air in § cc. 
volumes until air returns from the needle. 
As much as 65 to 85 cc. of air may be neces- 
sary to outline the entire subarachnoid 
space of the spine. It is possible to ascer- 
tain the upper and lower levels of a lesion 
producing a complete block by using the 
above method (cisternal puncture with pa- 
tient in Trendelenburg position) to show 
the upper level and, by lumbar injection of 
air, outline the lower level (Fig. 5). This 
is of utmost value in laminectomy since it 
reduces the size of the incision and the 
number of laminae removed. 


COMMENT 


There is practically no pain or untoward 
effect when 3 to 6 cc. of air is used. When 
large amounts are used to outline the lum- 
bocaudal sac or the entire spinal canal, the 
patient should be kept in the Trendelen- 
burg position (20 to 30 degrees) for six 
hours, flat on the back for twelve hours, 
and should be gradually elevated to the 
erect position ovér a period of forty-eight 
hours. If this procedure is followed very 
little “headache results. Occasionally pa- 
tients having caudal sac injections com- 
plain of transitory dysuria. This disappears 
within a few days. 

It is not essential that roentgenograms 
be taken immediately after air injection if 
the patient is kept in the Trendelenburg 
position and air thus held in the spinal 
canal. We have found air in the subarach- 
noid space below a complete block for as 
long as one week after injection. Bedside 
injection with subsequent roentgen exami- 
nation at the roentgenologist’s convenience 
is thus possible. 


CONCLUSIONS 


Air myelography is the method of choice 
in outlining the spinal canal. Our experi- 
ence is based on thirteen cases in which the 
level of the lesion demonstrated by air in- 
jection was confirmed by laminectomy. 
Five of these lesions were nucleus pulposus 
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(or cartilaginous disc) herniations and 
eight were tumors of the spinal canal. The 
roentgen procedure and air injection 
technique are discussed in detail. The 
use of lipiodol in outlining the lumbocaudal 
sac and in locating the level of a complete 
block is unjustified. It may be tried if air 
studies are negative and there is good 
clinical evidence of a space-taking lesion in 
the spinal canal. 
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ROENTGENOLOGIC ASPECTS OF MASTOIDITIS* 


By RAPHAEL SCHILLINGER, M.D. 


BROOKLYN, NEW YORK 


are six roentgenologic aspects 
of mastoiditis: the anatomic, patholog- 
ic, topographic, therapeutic, prognostic and 
prophylactic. These aspects are concerned 
with both the roentgenographic findings 
and the clinical manifestations that follow 
exposure to the roentgen ray incident to 
roentgen examination. The coérdination of 
these findings and these effects of roentgen 
examination will not only offer more con- 
cise indications for surgical intervention, 
but will also stimulate greater use of the 
roentgen ray for its biologic action. 


THE ANATOMIC ASPECT 


Mastoids may be classified according to 
their growth and development. Growth is 
judged by the extension of the gross out- 
line of the mastoid in three dimensions. 
Development is judged by the production 
of air cells, i.e., pneumatization. Air cells 
are formed by a proliferation of embryonal 
myxomatous connective tissue from the 
middle ear into the preosseous substance 
of the mastoid, under a covering of epi- 
thelium. The preosseous substance be- 
comes differentiated into bone while the 
proliferating tissue becomes the muco- 
periosteal lining of the air cells. Develop- 
ment progresses slowly or rapidly with the 
production of many or few cells, and may 
reach its maximum extent as early as the 
fifth year of life. The number of cells does 
not necessarily influence the size of the 
mastoid. 

Mechanical disturbance in the middle 
ear at or prior to birth, and diseases of the 
middle ear in infancy may interfere with 
normal growth, producing variations in 
development which are manifested by 
failure or by arrest of pneumatization. 

Since development or pneumatization is 
the prime anatomic characteristic of the 
mastoid after two years of age, stress is 
placed more on the observation of develop- 


ment or pneumatization than on the extent 
of growth. 

In diagnostic interpretation of develop- 
ment, the periantral triangle is the land- 
mark of prime importance. The periantral 
triangle (Fig. 14) is bounded by the line 
of the tegmen above, posteriorly by the 
groove of the sigmoid sinus and anteriorly 
by a perpendicular line drawn through the 
posterior canal wall. The triangle encom- 
passes the shadows of the antrum, the 
periantral cells and the labyrinth. It cor- 
responds to the base of the petrous pyra- 
mid. When normal development takes 
place (Figs. 18 and 1c) cells may be seen 
beyond the borders of the triangle. When 
development is inhibited (Fig. 1p) no cells 
are visible outside of the triangle. Within 
the triangle, pathologic signs of infection 
are first found. 

On a basis of growth and development, 
mastoids may be classified anatomically 
into two groups, the first group consisting 
of those which evidence normal growth and 
development for their age; the second, of 
those which evidence defection of growth 
and development. In the first group, three 
types will be found: the infant mastoid, 
the transitional mastoid of early childhood 
and the fully developed mastoid. In the 
second group will be found the undeveloped 
mastoid and the partially developed mas- 
toid. 

In this classification, the so-called diploic 
and sclerotic mastoids are not recognized 
as entities. Diploic and sclerotic elements 
are characteristics which may occur in any 
type of mastoid. 


GROUP I. NORMAL GROWTH AND 
DEVELOPMENT FOR AGE 


Type 1. The Infant Mastoid. In the first 
year of life, the mastoid roentgenogram 
possesses the outlines of the tympanic ring 
and the labyrinth (Fig. 24) since these are 


* Read at the Fifth International Congress of Radiology, Chicago, IIl., Sept. 13-17, 1937. 
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Fic. 1a. The periantral triangle is so clearly visualized in this mastoid of a young adult and is so unusually 
devoid of cells because of a mastoidectomy in childhood and three revision operations. Note the semi- 


circular canals within the triangle. 


Fic. 18. A normal, fully developed adult mastoid. The periantral triangle is not in evidence. Mastoiditis 
occurred and mastoidectomy was performed (see Fig. 1c). 

Fic. 1c. The same mastoid as Figure 1B, after mastoidectomy. The periantral triangle is now discernible. 
The extent of development that took place beyond the triangle is defined by the shadow of bone deficiency 


produced by operation. 


Fic. 1p. The periantral triangle is sharply outlined in this adult mastoid because of nondevelopment and 


sclerosis within the triangle. 


the only structures which have thus far 
become ossified. During the second year, 
the antrum and the small cells which sur- 
round it become manifest (Fig. 28) so that 
by the end of two years of life, the process 


of pneumatization has begun. At this time 
the periantral triangle is well formed. Cal- 
cification of the sinus plate makes the 
posterior border of the triangle prominent, 
thus mapping the course of the sinus. 


A B 
. 
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Fic. 2a. The infant mastoid (age 6 mo.). 


The term “infant mastoid” is fittingly 
applied to the mastoid in the first two years 
of life, because of its age. It is a mastoid of 
normal growth and development, in that 
it has not had sufficient time to develop 
and evidence many air cells. In contra- 
distinction, that mastoid of a later age, 
which has had time to develop air cells and 
has failed to do so, is pathological. It re- 
sembles the infant mastoid and is com- 
monly called “infantile.” The term “‘infan- 
tile mastoid”’ is confusing because it implies 


Fic. 3a. The transitional mastoid (age 3% yr.). 


Fic. 28. The infant mastoid (age 1 yr.). 


the normal mastoid of infancy and the 
pathologic mastoid of a later age. 

Type 2. The Transitional Mastoid. Be- 
tween the ages of two and five is found 
“the transitional mastoid of early child- 
hood,” transitional in the sense that it 
represents that period in the normal de- 
velopmental process that marks the growth 
of the infant mastoid into the fully de- 
veloped mastoid. On the roentgenogram, 
the transitional mastoid (Fig. 34) possesses 
in addition to the periantral triangle, an 


Fic. 38. The transitional mastoid (age 4% yr.). 
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Fic. 4. The fully developed mastoid. 


extension of cells whose outer border is 
convex, an outline of the growing mastoid 
process, and often a shadow of the emissary 
vein; there is a beginning loss of visibility 
of the sigmoid sinus. Sometimes there is a 
cellular invasion of the zygoma (Fig. 38). 
In the transitional mastoid, the cell walls 
are not yet densely calcified and are there- 
fore not very bright; the depth of the mas- 
toid process and the number and size of the 
cells are not yet great enough to furnish a 
sharp contrast between air and bone. 
Type 3. The Fully Developed Mastoid. 
The fully developed mastoid may be found 
as early as at the age of five and at any 
time thereafter. It possesses a full comple- 
ment of cells which extend to the posterior 
border of the mastoid process, to the 
squama, to the tip, and sometimes into the 
squama or zygoma or both (Fig. 4). The 
density of the cell walls and the contrast 
between air and bone is frequently great 
enough to obscure the course of the sigmoid 
sinus, even at its point of entrance into the 
mastoid process. Mastoids develop into 
various patterns of different shapes and 
sizes, becoming deep or shallow, tall or 
short, broad or narrow. Any combination 
of cellularity, shape, and size, produces the 
characteristic individuality of a mastoid. 
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GROUP II. DEFECTIVE GROWTH AND 
DEVELOPMENT 


Type 1. The Undeveloped Mastoid. That 
mastoid, which, after two years of age, 
fails to evidence air cells beyond the peri- 
antral triangle is termed “undeveloped.” 
Such a mastoid shows evidence of growth 
but not of development. On the roentgeno- 
gram, the undeveloped mastoid (Fig. 5) is 
characterized by a prominent periantral 
triangle which contains few or no cells, a 
sharply outlined sinus groove, and fre- 
quently a shadow of the emissary vein. A 
diploic constituent may or may not be 
visible. Sclerosis is frequently present 
either in the periantral triangle, or along 
the posterior border of the mastoid process, 
or in both areas. The picture of an un- 
developed mastoid is characteristic but not 
uniform. 

Type 2. The Partially Developed Mastoid. 
Pneumatization may be arrested at any 
stage of its progress after it has already 
extended beyond the periantral triangle. 
Such halt in development is due to infec- 
tion occurring between the ages of two and 
five. Thus, that mastoid, which, after five 
years of age, exhibits irregularity of de- 
velopment beyond the periantral triangle 
(Fig. 6) and whose cells do not reach all the 


Fic. 5. The undeveloped mastoid. 


? 


VoL. 395 No. 2 


borders of the mastoid process is termed 
“partially developed.” 

A variation of the partially developed 
mastoid is that in which a tract of cells 
spreads from the middle ear downward and 
backward underneath the canal of the 
facial nerve and into the tip, where it either 
expands toward the occipital border or 
curls on itself. This tract was described by 
Wittmaack® in 1918 and by Almour' in 
1933. Not infrequently is the tract seen on 
the roentgenogram of a mastoid which is 


Fic. 6. A partially developed mastoid. 


otherwise either undeveloped or partially 
developed (Fig. 7). For report purposes, 
the term “‘tympano-tip tract” is designated. 

It is not every infection, but rather the 
severity, or repetition, or protraction of an 
infection that produces disturbances of 
growth and development. It is interesting 
to note that, more often than not, a history 
of an ear infection cannot be obtained from 
adults whose mastoids appear undeveloped 
or partially developed. Yet these mastoids 
are strikingly similar, roentgenographically, 
to those of the same type with positive 
histories of ear infection in the first five 
years of life. For this reason a negative 
history of previous ear disease does not 
alter the interpretation as a disturbance of 
development. 
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Fic. 7. The tympano-tip tract. 


Undeveloped and partially developed 
mastoids must necessarily contain a dip- 
loic constituent. A diploic mastoid may be 
defined as one in which diploic bone rounds 
out the shape and structure of an un- 
developed or partially developed mastoid, 
in those areas in which pneumatization 
would have occurred under normal condi- 
tions. Diploic cells differ from mastoid 
cells in that they are smaller and are not 


Fic. 8. Sclerosis throughout a fully developed mas- 
toid, but more dense in the periantral triangle. 
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lined with mucoperiosteum. It is of far 
greater anatomical significance to speak of 
a mastoid as being undeveloped or partially 
developed, taking for granted that diploic 
bone exists where development has ended, 
than to speak of a diploic mastoid. 

Neither is the so-called sclerotic mastoid 
an entity. Sclerosis must be looked upon as 
the result of a defense reaction to past dis- 
ease in a given mastoid. It is neither a type 
of mastoid nor evidence of a recent lesion. 
Sclerosis results from the deposit of addi- 
tional calcium salts in an area where local 
blood supply and local calcium supply have 
been unbalanced. Sclerosis is usually super- 
imposed upon diploic bone, but it also 
occurs in individual cell walls, in discrete 
areas, and throughout the entire mastoid 
process (Fig. 8). A roentgenogram of a 
sclerotic mastoid, made with a more pene- 
trating ray, will often reveal diploic bone 
structure underneath the sclerosed area; by 
the same method, deeper structures in the 
periantral triangle may be visualized when 
hidden by sclerosis in that area. Since 
sclerosis is a reaction to infection, it may 
be found in any type of mastoid. 


THE PATHOLOGIC ASPECT 


In fully developed mastoids, the cardinal 
roentgenographic signs of mastoiditis are: 
(1) Clouding or loss of aeration. This sign 
is produced by hyperemia, edema, exuda- 
tion, granulations or suppuration. (2) Fuz- 
ziness or loss of sharpness of outline of the 
cell walls. This sign is due to thickening of 
the mucoperiosteum and to decalcification 
caused by hyperemia. The liberated cal- 
cium is retained in close proximity to the 
cell wall which is undergoing dissolution 
and thus produces a shadow which is 
broader but less dense. In this sense, de- 
calcification does not mean destruction. 
(3) Coalescence or destruction of cell walls. 
This sign is produced by pressure necrosis 
resulting in the merger of several cells into 
one. (4) High visibility of the horizontal 
semicircular canal which lies in the floor of 
the antrum. This sign results from decalci- 
fication of bone in the periantral triangle, 
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which makes that area comparatively 
translucent. (5) High visibility of the sinus 
groove in the pneumatized mastoid, and 
diminished visibility of the sinus groove in 
the infant mastoid. In the infant mastoid 
the sinus is visible because there are no 
cells overlying its course. With subsequent 
pneumatization, the course of the sinus 
becomes obscured gradually, so that in the 
fully developed mastoid the sinus fre- 
quently is barely discernible or not at all 
visible. In acute mastoiditis in the infant, 
hyperemia and infiltration of the perios- 
teum overlying the sinus groove tend to 
obscure that groove, but in acute mas- 
toiditis in the fully developed and in the 
transitional types, decalcification tends to 
increase the visibility of the otherwise ob- 
scure sinus groove. | 

The roentgenogram of a large pneumatic 
mastoid frequently fails to show the degree 
of pathology found at the operating table. 
Such mastoids are clinically surgical before 
they exhibit coalescence as a roentgen sign. 
Their total cell system has a large capacity, 
free communication exists between the 
cells, and considerable time elapses before 
the pus is pent up under sufficient pressure 
to produce coalescence. 

Occasionally there is a group of cells in 
the zygoma which shows more pathology 
than the rest of the mastoid cells. Because 
the zygomatic group is shallow, loss of cell 
outline is more important diagnostically 
than loss of aeration. 

In the infant mastoid, interpretation of 
pathology rests upon the presence or ab- 
sence of aeration and the sharpness of cell 
outlines, especially of the cells in the angle 
formed by the line of the tegmen and the 
sinus groove. In some cases loss of cell out- 
line is of greater significance than the seem- 
ing presence of aeration. Frequently roent- 
gen evidence in infant mastoiditis is incon- 
clusive. In such cases the clinical picture 
is the only guide for therapy. 

In the undeveloped mastoid, where a 
few cells do exist, disease of these cells may 
be determinable on the film. Where no 
cells exist, mastoiditis cannot occur. 
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In the partially developed mastoid, 
roentgen signs of mastoiditis will be found 
in proportion to the state of development. 
Occasionally clouding and loss of cell out- 
line are confined solely to the tip of a par- 
tially developed mastoid. 


THE TOPOGRAPHIC ASPECT 


Whenever operation is indicated, roent- 
gen examination is desirable. The film 
serves as a map for the surgeon, indicating 
the extent of the mastoid, its structural 
characteristics, the course of the sinus, the 
proximity of the sinus to the antrum, the 
integrity of the tegmen and the location of 
cell groups. 

THE THERAPEUTIC ASPECT 

Acute mastoiditis is primarily an inflam- 
matory process which first involves the 
mucoperiosteal lining of the air cells. As 
such, it is subject to the same favorable 
action of the roentgen ray as are many 
other acute inflammatory diseases. 

Five years ago, I reported that exposure 
to the roentgen ray frequently produced 
resolution of acute infections of the mas- 
toid in which the clinical signs and symp- 
toms and the roentgenographic signs indi- 
cated surgical intervention.’ It was noted 
that a change in the clinical picture oc- 
curred within a period of forty-eight hours 
following diagnostic roentgen examination, 
and this change was designated as “the 
syndrome of favorable action.’’ The syn- 
drome is characterized by lowered tem- 
perature, cessation of pain, absence of in- 
somnia, lessened quantity of discharge and 
a change in the character of the discharge 
from purulent to mucopurulent. A single 
roentgen examination may induce the syn- 
drome; when one or more of the original 
signs or symptoms reappear, the syndrome 
may be reinduced by subsequent exposure 
to the roentgen ray. Failure to control the 
clinical signs and symptoms, i.e., failure 
to reproduce the syndrome, is an indica- 
tion for surgical intervention. When the 
syndrome is induced by the original roent- 
gen examination, it suggests that the lesion 
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is radiosensitive and it indicates roentgen 
irradiation as a therapeutic measure. In 
radiation therapy cases, roentgen evidence 
of recovery, as studied on serial films, lags 
behind evidence of clinical cure by a period 
of one to two months. 

Although the exact nature of the favor- 
able action of the roentgen ray on the mas- 
toid lesion is not known, the clinical evi- 
dence of such action is indisputable. The 
fact that a lymphatic blockade? results as 
a reaction to infection in other parts of the 
body would lead one to infer that such 
blockade is possible in the mastoid. It is 
feasible that lymphatic drainage may be 
reéstablished by exposure to the roentgen 
ray. The effect is produced by small doses 
and is not enhanced by larger doses. Ex- 
perience proves that the optimum method 
of application is by repeated small doses 
at regular intervals until all clinical signs 
and symptoms disappear. The effective 
dose for each exposure averages 25 roent- 
gens. 

Following the application of irradiation 
in several hundred cases of mastoiditis, 
neither untoward symptoms nor evidence 
of interference with subsequent growth and 
development of a young mastoid have been 
observed. 


CONTRAINDICATIONS TO ROENTGEN 
THERAPY 


However, the use of roentgen irradiation 
for acute mastoiditis is definitely contrain- 
dicated by certain clinical signs and symp- 
toms and by certain roentgenographic 
findings. 

The clinical contraindications are: 

1. Edema over the mastoid, such as is 
caused by thickening of the periosteum or 
by perforation of the cortex. 

2. Transient edema in the region of the 
emissary vein (Griesinger’s sign), indica- 
tive of perisinus abscess or sinus thrombo- 
sis. 

3. Torticollis, indicative of filtration of 
infection into the neck through the tip 
cells. 

4. Swelling at and below the mastoid 


Fic. 9. A forward sinus which has attained close 
relation to the antrum. In this case the sinus seems 
to have a double knee. 


tip (Bezold’s abscess), indicative of necro- 
sis and perforation of the tip with gravita- 
tion of pus into the sheath of the sterno- 
mastoid muscle. 

5. Failure to induce the syndrome of 
favorable action. 

6. Signs and symptoms of invasion of 
the blood stream or of irritation of the 
dura, or of the labyrinth. 


Fic. 10, An undeveloped mastoid with a few cells 
in the sinus-tegmen angle. 
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7. Diabetes, with roentgen evidence of 
bone destruction, even though the clinical 
picture is mild. 

The roentgenographic contraindications 
are: 

1. Extensive destruction (acute coales- 
cent mastoiditis). 

2. Progressive decalcification on serial 
films, associated with low grade sepsis. 

3. A forward sinus which extends more 
anteriorly than usual and impinges on the 
antrum. The sinus plate in this position is 


Fic. 11. An undeveloped mastoid with sclerosis of 
the periantral triangle. (Note the diploic constit- 
uent posterior to the sinus plate, a normal bone de- 
velopment which rounds out the size and shape of 
the mastoid where there was failure of pneumatiza- 
tion.) 


just as vulnerable as a cell wall. The danger 
of perisinus abscess, phlebitis and possibly 
thrombosis makes surgery advisable (Fig. 9). 

4. An undeveloped mastoid with evi- 
dence of infection in the few existing cells 
in the tegmen. The danger of extension of 
infection into the cranial cavity makes sur- 
gery advisable (Fig. 10). 

5. Cholesteatoma. This lesion, although 
essentially neoplastic, is capable of simu- 
lating the clinical picture of acute mastoid- 
itis under certain conditions. It is never 
radiosensitive, and therefore should not 
be subjected to roentgen therapy. 
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THE PROGNOSTIC ASPECT 

As a rule, when the roentgenogram re- 
veals infection of a mastoid of normal de- 
velopment, the clinical picture of mastoidi- 
tis is classical. In such cases, complications 
without signs and symptoms of mastoiditis 
are rare. But when infection occurs in an 
undeveloped mastoid, the classical clinical 
picture of mastoiditis is not possible. In 
these cases complications without signs of 
mastoiditis are common. Undeveloped and 
partially developed mastoids with sclerosis 
(Fig. 11) constitute an anatomic predispo- 
sition to intracranial complications. Such 
“candidates for intracranial infection’’! 
must be watched for signs and symptoms of 
extension of infection. 


THE PROPHYLACTIC ASPECT 


The prevention of mastoiditis lies in the 
successful treatment of suppurative otitis 
media. While it is true that not all cases 
of suppuration in the middle ear will de- 
velop clinical manifestations of mastoiditis, 
it is also true that one cannot predict which 
cases of otitis media will resolve and which 
will become complicated. Therefore, if pro- 
phylaxis against mastoiditis is to be prac- 
tised, it must be applied to every case of 
suppurative otitis media. 

The only available and effective prophy- 
lactic agent is the roentgen ray. Roentgen 
irradiation, in small doses, has a wide mar- 
gin of safety, is prompt in its action and 
produces no by-effects. 
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An exposure dose of 20 to 50 r, adminis- 
tered on about the seventh day of suppura- 
tion, and repeated at intervals of two or 
three days for a total of three or four expo- 
sures, will materially reduce the incidence 
of mastoiditis. 


CONCLUSIONS 


Roentgenograms of the mastoid are 
valuable for their anatomic, pathologic, 
prognostic and topographic data. Inciden- 
tal to roentgenographic examination, there 
is a determination of the radiosensitivity 
of the lesion in a given case of acute mas- 
toiditis. Further, codrdination of roentgen 
and clinical findings in acute mastoiditis 
offers more concise indications for surgical 
intervention. The roentgen ray certainly 
merits utilization as a diagnostic, thera- 
peutic and prophylactic agent. 
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MAXILLARY SINUSITIS ASSOCIATED WITH 
PNEUMONIA AS SEEN IN THE WINTER OF 1936 


By BLAKE F. DONALDSON, M.D., Attending Physician, and 
ARNOLD BACHMAN, M.D., House Physician 


New York City Hospital 


NEW YORK CITY 


HE health of New York City seems to 
follow the temperature. The colder it 
is the greater the morbidity. The months 
of February, March and April, 1936, were 
exceptionally cold, and a large number of 
cases suffering from infections of the res- 
piratory tract were admitted to the New 
York City Hospital on Welfare Island. 
The Second Medical Division at City 
Hospital consists of 175 beds. The more 
acute general medical cases are concen- 
trated in two large wards, each of 45-bed 
capacity. The nursing care available con- 
sists of about I nurse to every 15 patients. 
Thirty-eight new cases of pneumonia were 
admitted to, and discharged from, the serv- 
ice during February, March and April, 
1936. Six of the 38 cases were admitted in 
a moribund condition and died within 
twenty-four hours. Serum therapy was 
used in 9 cases. The only deviation from 
customary hospital diagnostic methods and 
treatment was in the effort made to force 
fluids. A serious attempt was made to offer 
a drink of water every thirty minutes while 
awake to each patient ill with pneumonia. 
Owing to the volume of work entailed, this 
was difficult, but in a great measure was 
accomplished by the nurses. Some lemon- 
ade and orange juice were administered, 
but most of the fluid consisted of water. 
Many cases received 7,000 cc. of fluid daily 
by mouth during their acute illness. No 
evidence of water poisoning was seen. All 
tongues were kept moist with the excep- 
tion of those patients admitted moribund, 
and one man who died after an empyema 
operation. Rarely were subcutaneous or 
intravenous injections of fluid needed. 


SUMMARY 


The total mortality rate was 34.2 per 
cent. If the 6 cases moribund on admission 


and who died within twenty-four hours are 
excluded, the mortality rate is 18.4 per 
cent. It seemed to the observers that one 
case (Case 2) was definitely saved by serum 
therapy. She was given 1,236,000 units of 
Type v New York Board of Health pneu- 
mococcus serum during the course of her 
illness. In the other cases the administra- 
tion of tremendous amounts of water by 
mouth seemed of definite value. Tongues 
can be kept wet by unremitting forcing of 
water every thirty minutes while the pa- 
tient is awake. Several interesting things 
were noted. One case (Case 36) showed a 
drop in systolic blood pressure from 150 to 
80 with a diastolic pressure drop to 50, 
yet he recovered uneventfully from the col- 
lapse. Unlike most lung abscess cases he 
apparently started with pneumonia and 
then developed secondary lung abscess 
and multiple acute infectious arthritis. 
Operation on the lung abscess in the acute 
stage resulted in cure of the abscess and 
of the arthritis. 

One case (Case 27) had a proved bac- 
teriemia on the seventh day after onset, 
but recovered uneventfully. 

One case (Case 35) had a fasting blood 
sugar on the sixth day of her illness of 308 
mg. without demonstrable sugar in the 
urine. The non-protein nitrogen figure at 
the time was 30. Eleven days after her 
crisis the fasting blood sugar figures were 
normal. In 2 cases focal nephritis and toxic 
hepatitis occurred together. 

In doubtful cases of continued fever 
where roentgenoscopy of the chest was 
done, the maxillary sinuses were also ex- 
amined routinely by the roentgenoscope. 
In 2 cases unilateral total opacities were 
noted and confirmed by roentgenograms. 
The technique of antral inspection by 
roentgenoscopy is simple. The patient sits 


202 


Vou. 39, No. 2 Maxillary Sinusitis Associated with Pneumonia 203 


Taste I 
Type Bacter- Pasumeses- Duration Mor- 
Case No. Age Sex Severity Involvementt cus Serum .,.. Complications 
of Onset iemia sige of Disease tality 
in Units 
1. 38908 54 M Catarrhal Neg. No Mild R.L.L. No sodays Localized empyema 
42271 23 F  Catarrhal \ Yes Marked mm 1,236,000 9g days 
Type Vv 
3. sorg8 66 F Catarrhal Neg. Marked RRA ARR No. ? Severe thyrotoxicosis with 
auricular fibrillation Vest 
4. 52460 41 M Sudden No Marked No o days Tonsillitis 
s. 60027 33 M Catarrhal Neg. No Marked REE No 16 days Pleural efiusion 
Focal nephritis 
6. 60054 34 M Catarrhal I No Marked R.L.L. 310,000 8 days Pleural effusion 
Type | 
7. 61004 31 M Catarrhal Higher No Marked RElecs Eeleclics No 13 days 
types 
8. 61106 47 M Catarrhal I Yes Marked R.L.L., R.M.L. No 12 days Toxic hepatitis nephritis Yes 
9. 61182 28 F Catarrhal Vil No Moderate R.L.L. 220,000 2days Serum sickness 
Type vil 
ro. 61185 54 F  Catarrhal Marked L.L.L.. R.LL. No 4 days Yes 
rr. 61204 35 F Catarrhal Vill Yes Marked R.L.L. 68,000 ? Type vill empyema 
Type vu and meningitis Yes 
12. 61326 39 F Catarrhal Marked L.L.L., R.L.L. No 5 days Hypertensive heart disease Yes 
13. 61330 33 M Catarrhal I No Marked LLL. 165,000 Toxic psychosis 
Type 1 Fibronous pleurisy 
14. 61388 80 F Catarrhal Moderate aA No 11 days Toxic psychosis 
1s. 61415 49 F Catarrhal Marked No 18 days Empyema Yes 
16. 61447 35 M Catarrhal I Mild L.L.L. No 23 days Pleural effusion 
17. 61601 66 F Catarrhal Marked R.Lke No 15 days Vest 
18. 61632 15 M Sudden Neg. Yes Marked No go days Pleural effusion 
19. 61647 40 M Catarrhal I No Marked R.R.L. 157,000 7 days Acute sinusitis 
Type ! 

2 61725 36 M Sudden Neg. No Marked R.U.L., R.M.L. No 16 days , 
21. 61777 86 M Sudden Marked R.L.L., R.M.L. No 5 days _— Vest 
», 61780 30 M Catarrhal vil No Marked Le Reles 60,000 15 days Pleural effusion - 

Type vu 
23. 61817. 290 Sudden Neg. No Mild R.U.L., No days 
24. 61933 66 F Catarrhal IX No Moderate Rit. LAE. No 24 days Focal nephritis 
2s. 61944 32 F  Catarrhal 11 No Marked R.U.L. No 7 days Toxic hepatitis 
26. 619073 15 M Meningitic |! No Moderate R.U.L. 32,000 6days Serum sickness 
Type I Acute sinusitis 
27. 61074 20 M Meningitic Higher Yes Marked Rik a eS No 16 days —- 
types 
28. 62004 54 M Catarrhal XIV No Mild LULL... Rie No 4 days = 
29. 62158 55 M Catarrhal Neg. No Marked R.U.L., R.M.L. No 13 days Rheumatic heart disease, 
R.L.L., LLL. Auricular fibrillation 
3 62199 16 F  Catarrhal Neg. No Mild R.U.L., L.U.L. No 22 days - 
31. 62466 68 F Sudden I Yes Marked LL... No 6days Empyema Yest 
32. 62491 49 M Catarrhal I No Marked R.U.L. No go days Toxic hepatitis 
Focal nephritis Yes 
23. 62409 36 M Sudden ul Yes Marked R.M.L., R.U.L. No 9 days Vest 
34. 625290 58 M Sudden I No Marked RL... L.Lk. 36,000 1o days Delirium tremens Yes 
Type 
62564 36 F Catarrhal XIV No Moderate Aa No 6days Hyperglycemia returning 
to normal after crisis _— 
36. 62704 38 M Catarrhal No Marked R.U.L. No 69 days Lung abscess, infectious 
arthritis 
37. 62734 52 F Sudden Neg. No Marked R.L.L., R.M.L. No ir days Acute otitis media 
R.U.L. 
38. 62804 35 M Sudden ul No Marked LULL. L.L.t. No 5 days — Yest 
R.L.L 


* Pneumococcus typing exclusively by the Neufeld method. 

t Involvement: R.U.L.—Right Upper Lobe; R.M.L.—Right Middle Lobe; R.L.L.—Right Lower Lobe; 
L.U.L.—Left Upper Lobe; L.L.L.—Left Lower Lobe. 

t Admitted in moribund condition; dead within twenty-four hours of hospitalization. 

Diagnosis of involvement was substantiated in almost every case by roentgen examination. 


on a table or stool with the neck hyperex- subsequent antral puncture for lack of 


tended, and the chin touching the screen. resolution revealed pus. 
In both cases where opacities were noted, It seems probable that roentgenoscopic 
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routine in the examination of the abdomen 
and chest should include the inspection of 
the antra. Empyema of the antrum can exist 
without local signs pointing to its presence. 
Whether these 2 cases noted had sup- 
purative antritis before or with the pneu- 
monia is, of course, unknown. Subsequent 
experience in the general ward work sug- 
gested the desirability of employing roent- 
genoscopy to check on the examination of 
chest and maxillary sinuses, just as rou- 
tinely as one would use a blood pressure 
machine or an ophthalmoscope. Roentgen- 
ologists in general heartily object to any at- 
tempt to diagnose antritis by fluoroscopy, 
yet in no case where a light spot was seen 
in a cloudy antrum was pus recovered in 
diagnostic washing; and where uniform 
clouding was noted, pus was very fre- 
quently found. It is probably a better diag- 
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nostic method than is transillumination. 
The diagnosis should of course be con- 
firmed by roentgenograms. 


CONCLUSIONS 


This small series of cases demonstrated 
the difficulty that will probably always be 
encountered in lowering the death rate in 
pneumonia, where cases moribund on hos- 
pital admission must be included in the 
results. 

A very exact technique in the forcing of 
water seemed important. 

Roentgenoscopic examination of the 
chest and maxillary sinuses is very impor- 
tant in cases of fever of unknown origin or 
of continued cough. 

The charts of the 38 cases have been 
summarized in Table 1. 
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AN UNUSUAL CASE OF BILATERAL PULMONARY 
APICAL DERMOID CYSTS 


By LLOYD F. CRAVER, M.D., and JOHN V. BLADY, M.D. 


Memorial Hospital 
NEW YORK CITY 


ECENTLY a rather unusual and in- 
teresting bilateral pulmonary neoplas- 

tic condition was observed on the Medical 
Service at Memorial Hospital. Because we 
have been unable to find reference in the 


cancer. The familial and past histories were 
essentially unimportant. Present illness dated 
back about two weeks prior to admission to 
Memorial Hospital (December 11, 1936) when 
the patient first experienced a vague feeling of 


Fic. 1. Posteroanterior roentgenogram of the chest on December 8, 1936, reveals the dense oval shadows at 
each apex. The hilar structures are pulled upward and the trachea is displaced to the right. 
Fic. 2. A right lateral projection made on December 15, 1936, reveals the right apical mass in the dorsal 
portion of the thoracic cage. 


medical literature to a similar case we are 
presenting a detailed case report and de- 
scription of the roentgen findings of this 
patient, who, we believe, represents a case 
of bilateral pulmonary apical dermoid 
cysts. 

CASE REPORT 


M. B., male, aged fifty-seven, Russian-Jew, 
sewing machine salesman, was referred to the 
Memorial Hospital by the Union Health Center 
with the diagnosis of tumor of the lung, possibly 


fullness and tightness beneath the sternum and 
slight dyspnea on exertion. For the past three 
or four years he had occasionally complained 
of an intermittent, non-productive cough; he 
had never experienced hemoptysis, night 
sweats, anorexia, precordial or chest pain, and 
there had been no weight loss. Review of other 
systems revealed no additional pertinent in- 
formation. 

The physical examination revealed a well- 
developed, well-nourished male whose general 
physical condition was essentially normal. 
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Examination of the chest demonstrated some 
diminution in resonance at both apices and 
some accentuation of the breath sounds. There 
were no audible rAles. 

The roentgen examination of the chest on 
December 8, 1936 (Figs. 1 and 2), revealed a 
dense oval shadow at each apex adjacent to the 
mediastinum. The hilar shadow and diaphragm 
were retracted upward and the trachea was dis- 
placed to the right. 
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The histological report by Dr. F. W. Stewart 
was as follows: ‘““Most of the material is cyst 
wall—heavily pigmented with old blood. The 
actual cells do not look malignant. There are 
areas of calcification (psammoma bodies which 
even suggest actual bone formation).” In view 
of these findings the possibilities of cystic intra- 
thoracic thyroid, mediastinal dermoid and 
simple cysts were considered and further in- 
vestigated. 


Fic. 3. A roentgenogram in the upright position made immediately after the instillation of lipiodol via an 
intratracheal catheter under roentgenoscopic guidance in an effort to demonstrate the right upper lobe. 
The lipiodol has entered the upper lobe bronchus and outlines clearly the compressed alveolar structure. 
The roentgen appearance of the collapsed upper lobe simulates that of a salivary gland. Note displacement 


of trachea (see Figs. 4 and 5). 


Fic. 4. A posterior projection made in the right lateral decubitus position. The upper lobe bronchus is 
clearly outlined and is found patent. Note again the gland-like appearance of the lipiodol-filled compressed 


upper lobe. 


Fic. 5. Roentgenogram made during roentgenoscopy just as the upper lobe bronchus was filled with lipiodol. 


Repeated sputum examinations were nega- 
tive for acid-fast organisms. 

A bronchoscopy was performed by Dr. 
William L. Watson on December 21, 1936, and 
on the right side beginning at the junction of 
the middle and lower trachea an inward bulging 
was observed extending to the level of the 
carina. A day later an aspiration biopsy was 
performed, yielding about Io cc. of sero- 
sanguineous fluid and some dark colored tissue. 


Under roentgenoscopic guidance lipiodol was 
instilled into the right upper bronchial system 
via an intratracheal catheter. The roentgeno- 
grams (Figs. 3, 4 and 5) made after the lipiodol 
instillation showed no abnormality of the upper 
lobe bronchus; it was well visualized. The 
upper lobe, however, was unexpanded; the com- 
pressed alveolar structure or compression 
atelectasis was clearly demonstrated on the 
roentgenograms (Fig. 4). These findings ex- 
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plained the displacement of the trachea and to 
some degree the upward retraction of the hilar 
structures. 

The apical mass on the right side was then 
re-aspirated on January 8, 1937, under roent- 
genoscopic visualization. The needle was in- 
serted into the pleural cavity and about Io cc. 
of serous fluid was obtained. A partial pneumo- 
thorax was instituted by the introduction of 
100 cc. of air. The collapse of the right upper 
lobe was observed roentgenoscopically and the 
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The immediate roentgen examination (Figs. 
6 and 7) demonstrated the partial pneumo- 
thorax; the walls of the large cyst appeared 
shaggy and contained a fluid level. Several days 
later, in the attempt further to demonstrate a 
possible communication between the cyst and 
lung or bronchus, 5 cc. of lipiodol was again 


introduced into the upper lobe bronchus; the 
latter was again demonstrated to be patent and 
no lipiodol was observed in the cyst and the 
upper lobe remained collapsed. 


Fic. 6. Roentgenogram made immediately after institution of a partial pneumothorax and aspiration of the 
mass at the right apex. Note the pneumothorax extending along the mediastinum to the level of the hilum. 
The trachea is displaced to the left, assuming its normal position. Note fluid level and the ragged outline 


of the cyst wall. 


Fic. 7. Right lateral projection made at same time as Figure 6. The partially emptied cyst and pneumothorax 
are clearly shown. 


spherical mass appeared to be adherent to or 
in intimate contact with the lung. No attach- 
ment to the mediastinum was noted except near 
the hilum. The aspirating needle was then in- 
troduced into the mass and about 80 cc. of 
greenish-brown fluid was obtained, on the sur- 
face of which numerous crystals were observed. 
On microscopic study they were found to be 
cholesterin crystals. The aspiration material 
examined by Dr. F. W. Stewart was reported 
as follows: “‘Cells look like slough from cyst 
wall. Crystals make one think of a dermoid 
cyst.” 


Realizing that we were dealing with an extra- 
pulmonary apical cyst on the right side, we 
proceeded then to investigate the left apical 
lesion. Lipiodol studies (Fig. 8) were performed 
and findings similar to the ones at the right 
apex were demonstrated. The compression of 
the left upper lobe, however, was only partial. 
Aspiration of the mass yielded about 70 cc. 
of fluid identical with that obtained from the 
mass at the right apex. The aspirated material 
was smeared and reported by Dr. F. W. Stewart 
as ‘““blood pigment and traces of non-cancerous 
epithelium.” 
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Fic. 8. Patency of the left upper lobe bronchus is clearly demonstrated by this lipiodol filling. The lung 
structure, however, is only partially compressed. 
Fic. 9. A roentgenogram made immediately after aspiration of the left apical mass, which yielded 70 cc. of 
greenish-brown fluid in which numerous cholesterin crystals were found. This fluid is identical with that 
obtained on aspiration of the right apical mass. Note fluid level (shown by arrows). 


The roentgenograms made after this aspira- 
tion (Fig. 9) showed the absence of the left 
apical density and the presence of a fluid level 
in the fifth interspace posteriorly. 

Following these diagnostic procedures both 
apical masses refilled in about three weeks and 
a recent roentgen examination on June 17, 
1937, presented an almost identical roentgen 
appearance with that of December 12, 1936. 

Symptomatically there has been some im- 
provement in that the patient has been relieved 
of the feeling of fullness and tightness in his 
chest. 

COMMENT 

In the course of study of our patient, 
several working diagnoses were considered 
and successively excluded. Tuberculosis 
was the first to be disregarded on the basis 
of repeated negative sputum examinations, 
and this was further substantiated by the 
histology of the aspirated material. Both 
the bilateral occurrence and the cephalo- 
dorsal location of these tumors ruled 


against the diagnosis of an endothoracic 
cystic thyroid, which, when present, is lo- 
cated in the cephalic and ventral portion 
of the mediastinum and may extend either 
to the right or left. Furthermore, the 
rcentgen examination made during and 
immediately after the institution of the 
pneumothorax failed to demonstrate any 
connection of the tumor masses to the 
upper mediastinum. Simple benign extra- 
pulmonary cysts are readily excluded by 
the presence of cholesterin crystals and 
psammoma-like bodies, which, in addition 
to the roentgen findings, carry the balance 
in favor of a diagnosis of bilateral apical 
extrapulmonary dermoid cysts. 

Unilateral encapsulated dermoid tumors 
within the chest are not uncommom; how- 
ever, the occurrence of bilateral and sym- 
metrically located growths of that type in 
the chest is rare. In a survey of the medical 
literature only one reference was found 
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where a dermoid tumor occurred bilaterally 
and was located at the base of the neck 
rather than in the chest. This, according 
to Kerr and Warfield,’ was Pohn’s‘ case and 
was reported in 1871. 

Dermoid cysts are described as arising 
in the region of the anterior mediastinum. 
They appear as large, round opacities with 
smooth edges and may extend to the lat- 
eral chest wall. Kerley? states that “if the 
opacity is lying in the middle of the lung 
or if it can be shown by lateral views that 
it has no connection with the mediastinum, 
dermoid cyst can be excluded.”’ According 
to Kerr and Warfield, these tumors are 
more common in the ovary, testes and 
sacrococcygeal regions respectively. They 
are extremely slow growing and the symp- 
toms usually begin in the second decade, 
but rarely is the diagnosis made until the 
third decade of life.or later. 

Symptoms such as feeling of oppression 
in the chest, an irritable cough, sometimes 
associated with streaked sputum and dysp- 
nea, are generally due to compression of a 
bronchus. The pathognomonic feature in a 
pulmonary dermoid is the finding of lanugo 
or sebaceous material in the sputum or in 
discharge from a wound. Aspirated ma- 
terial is usually the same as in case of rup- 
ture into a bronchus. Hence, epithelial 
cells resembling the horny layer of the 
skin, fat droplets and cholesterin crystals 
may be found. 

The aspiration of the cysts in this patient 
obtained greenish-brown fluid in which 
there was an abundance of cholesterol crys- 
tals and the histological report of “areas 
of calcification (psammoma bodies which 
even suggest actual bone formation)” 
strongly supports the diagnosis of bilateral 
extrapulmonary apical dermoid cysts. The 
roentgen study failed to reveal any con- 
nection between the tumors and the up- 
per mediastinum; however, they appeared 
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to be in close proximity to the adjacent 
hilar structures and therefore a mediastinal 
origin cannot be excluded. The bilateral 
and symmetrical location of the neoplasms 
in this patient suggests a developmental 
displacement of cells from a similar pair 
of pharyngeal pouches. However, this is 
mere supposition, as the origin of these 
tumors is a debated question. 

The theories as to the etiology of these 
tumors is briefly and comprehensively pre- 


sented in the following quotation from 
Kerr and Warfield: 


The most generally accepted view seems to be 
that these dermoids are the result of fetal in- 
clusions, the teratoma representing an early 
cell inclusion and the simple dermoid a later 
stage in the germinal differentiation. Some 
authors state that these tumors arise from ecto- 
dermal displacement pulled down into the chest 
by the descent of the heart or by some ab- 
normal displacement of cells from one or the 
other of the branchial clefts. Another concep- 
tion is that a blastomere is displaced in the 
course of development, and upon the develop- 
ment of this displaced cell depends the type of 
tumor which results. 


SUMMARY 


A detailed case report with roentgen 
findings in a rare condition of bilateral pul- 
monary apical dermoid cysts is presented 
along with a discussion and résumé of pul- 
monary dermoid cysts in general. 
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CALCIFIED GUINEA-WORM (DRACUNCULUS 
MEDINENSIS)* 
A REPORT OF FIVE CASES 


By ARLINE M. BEAL, M.D. 


Department of Roentgenology of the Kugler Hospital 
GUNTUR, SOUTH INDIA 


WITHIN the past few months § cases 
of calcified guinea-worm have passed 
through our Department of Roentgenol- 
ogy. 

According to Keen, “Guinea worm dis- 
ease is one of the oldest known tropical dis- 
eases and was known to the Greek, Roman, 
and Arabic physicians and is even believed 
to be alluded to in the Papyrus Ebers, over 
three thousand years old, and in the Book 
of Numbers, Chapter xxi, where Israelites 
are said to have suffered from a plague of 
‘fiery serpents’ while on the shores of the 
Red Sea.” 

Whether these “fiery serpents’ were 
guinea-worms I cannot say, but the fact 
that the Israelites suffered on the shores of 
the Red Sea is in favor of guinea-worm 
disease. 


GEOGRAPHIC DISTRIBUTION 


According to Manson, the parasite Dra- 
cunculus has been found in more or less 
circumscribed areas of Africa and Asia, 
many cases being reported from along the 
Nile and Arabia and especially along the 
West coast of Africa, from Persia, Turke- 
stan and India, a few cases from Brazil, 
East Indies, and other places; but those 
cases found in Europe and the United 
States have been believed to be im- 
ported. 

In India, as in other countries, guinea- 
worm is found only in circumscribed areas. 
All § cases reported in this paper came 
through our Department of Roentgenology 
but, on inquiry, all had lived in an area 
known to be infected, and were not na- 
tives of Guntur which is not an infected 
area. 


LIFE HISTORY OF Dracunculus 


Rose and Carliss give a very short de- 
scription of the life history as follows: 


“The guinea-worm infects man as the defini- 
tive host, and is conveyed by drinking con- 
taminated water in which the embryos are 
found inside their intermediate host, Cyclops, 
the water flea. The female, when fully devel- 
oped in the human subcutaneous tissues, 
reaches a length of 30 cm. to I metre, and 0.5 
to 1.5 mm. in width. The male is seldom seen, 
and is said to be only 22 mm. in length. In 
parts of India infested by this worm the rate 
of infestation is as high as 30 per cent. The 
female reaches maturity in about a year, and 
in about 80 per cent of cases develops in the 
subcutaneous tissues of the lower extremities, 
but any part of the human body may be af- 
fected. The emergence of the head, along side 
which is the opening of the uterine sac, is made 
possible by local necrosis of tissue caused by a 
helminthic poison, and when this gives way a 
stream of embryos is exuded by the worm when 
the part is brought into contact with water. 
Various vaso-motor symptoms may appear at 
this time, such as giddiness and vomiting. 
Septic infection of the necrotic tissue is very 
common, resulting in cellulitis and abscesses. 
Trouble may also follow from death of the 
worm in the tissues, and late sequelae caused by 
the calcified remains of dead parasites may pro- 
duce symptoms of sciatica, arthritis, etc.” 


The reader is referred to other textbooks 
of medicine and surgery and tropical dis- 
eases for more detailed descriptions. 

Only those cases which showed evidence 
of calcified guinea-worm are considered in 
this paper. 

REPORT OF CASES 

Case 1 (No. 1363). K. R., male, aged twenty, 

a goldsmith by caste but carpenter by trade 


* Read before the Andhra section of the Christian Medical Association of India, Coonoor, May 28, 1936. 
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from the village of Kollagunta, Gurzala Taluk, 
was sent for roentgen examination on October 
10, 1935, for pain and swelling of knee joint 
for past four months. After an attack of fever 
and pain in the knee joint, the referring physi- 
cian made a diagnosis of tuberculous knee. 


A 


Fic. 1. 
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guinea-worm was seen on this film just beneath 
the skin on the posterior aspect of the leg from 
the ankle to just below the knee. 

The patient, however, had gone and ques- 
tioning the referring physician brought no 
further information. A diagnosis of early tuber- 


B 


Case v. 4. Calcified guinea-worms are seen in the muscles of the medial side of both legs. 


They appear as both linear shadows and in small coils made up of small segments. On the medial 
side of the left leg and posterior to the distal end of the femur and the head of the tibia is seen a 
mass of stippled shadows which closely resemble a collection of broken rice grains. B. The lateral 
view of left leg showing better details of the segments, coils and linear shadows. 


Roentgen diagnosis was difficult. The whole 
area was clouded. There was slight decalcifica- 
tion probably from disuse but no bone destruc- 
tion. 

A linear shadow below the knee in the first 
films in both anteroposterior and lateral views 
was seen when examining the wet films and 
was the cause of using a larger film. A calcified 


culous knee joint was made. But was it really 
a tuberculous knee or an arthritis from guinea- 
worms as found in a later case? 

The water of the village from which the pa- 
tient came is known to be infected with guinea- 
worms. 


Case 11 (No. 1414). An Indian Christian boy, 
aged nine, was sent for roentgen examination 
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Fic. 2, Case v. Several coils of guinea-worm are seen 
near the bone and linear shadows are seen extend- 
ing upward toward the hip joint. 


from our out-patient dispensary on November 
12, 1935, as a case of possible tuberculous knee 
joint. There was considerable fluctuation pres- 
ent. The boy came originally from the Palnad 
area. He was brought by his father who left 
before the history was taken. According to the 
boy’s story, pain and swelling of knee had been 
present for three months. Native medicines had 
been applied but no relief of symptoms had 
been noted. He was still walking and using the 
knee, although there was some restriction of 
movement. 


fi 


Fic. 3. Case v. Anteroposterior roentgenogram of the 
lower pelvis shows many coils of guinea-worm in 
and around the hip joints. One multiple shadow 
is seen just below and medial to the left ischial 
tuberosity. Several linear shadows are seen over 
the shadow of the sacrum. 


Arline M. Beal 


FEBRUARY, 1938 


A roentgenogram showed clouding of the 
whole joint but no decalcification of the bones. 
A few scattered calcified areas about the size 
of rice grains were seen in the joint and the 
diagnosis of abscess formation secondary to 
foreign bodies in knee was made. The boy de- 
nied a history of injury or of foreign bodies in 
knee. 

On aspiration of the joint a large quantity of 
blood-stained pus was removed. No smear was 
made. Eosinophilia was Io per cent. 


Fic. 4. Case v. A calcified guinea-worm is seen over 
the lower end of the sacrum and many small shad- 
ows can be seen on either side of the spine and an- 
terior to the fifth dorsal vertebra. When removing 
the large ovarian tumor, calcified guinea-worms 
were found scattered throughout the peritoneum 
especially on the posterior and lateral surfaces. 


Two incisions were made in the knee and a 
large quantity of blood-stained pus was re- 
leased. A few white calcified particles, like 
broken rice grains, were found and several 
segments were found together giving the ap- 
pearance of a calcified worm. 

Recovery was rapid and uneventful. Diagno- 
sis of abscess formation caused by guinea-worm 
infection was made. 


Case 111 (No. 1639). A Hindu coolie woman, 
aged fifty, was referred to us on March 14, 
1936. She had had a radical amputation of the 
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left breast one month previously. Recovery 
had been uneventful, but the patient com- 
plained of pain in the left hip joint and thigh 
for the past twenty days following a slight fall. 
No mass or painful area could be found by 
palpation. 

Roentgenograms of the pelvis showed no 
evidence of any fracture, dislocation, metasta- 
sis or other bone disease. Just above the head 
of the femur and lateral to the acetabulum a 
calcified area about 2 cm. in diameter sugges- 
tive of a coiled calcified guinea-worm was seen 
and the diagnosis so made. 
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out breaking. The whole ankle, especially the 
posterior portion of the heel, showed much 
swelling and induration and was quite painful. 
It gave the external appearance of an old osteo- 
myelitis. There were several old scars and 
sinuses which were still draining pus. 

Roentgenograms showed evidence of soft 
tissue infiltration and swelling especially on the 
posterior aspect of the heel. Along the tendon 
of Achilles and into the heel there were many 
opaque particles resembling broken rice grains 
in clumps and in chains. 

A diagnosis of an old calcified guinea-worm 


A 


B 


Fic. 5. Case v. 4. Roentgenogram of the chest (taken after operation) shows a small coil and linear 
shadow of a guinea-worm in the left chest at the level of the third interspace and fourth rib anterior. 
There is also a coil seen in the fifth interspace anterior on the same side. B. Semi-lateral view of the 
chest shows the coiled guinea-worm which was seen in the posteroanterior view to be located just 
anterior to the spine and superimposed on the heart shadow. The coil and the linear shadow in 4 
are not seen in the semi-lateral view. (These shadows are seen with little difficulty on the original 


film but do not appear on this reproduction.) 


The patient comes from the Palnad area but 
claims no guinea-worm infection during the 
past thirty years. 


Case Iv (No. 1692). K. A., an Indian Chris- 
tian coolie woman, aged forty, was referred on 
March 26, 1936, by cur out-patient department 
for a roentgen examination of the foot. A 
guinea-worm abscess had been incised on the 
posterior aspect of the heel and two long 
pieces of guinea-worm were removed by wind- 
ing on a forceps. The worms were apparently 
dead and therefore were removed easily with- 


infection with recent infection in the same foot 
was made. 


Case v (No. 1509). A Komity (merchant 
caste) woman, aged forty-five, was admitted 
to the hospital for a large tumor mass in the 
lower abdomen. Her native village was Kan- 
cherlagunta, Palnad Taluq. She was referred 
to the Department of Roentgenology on Janu- 
ary 1, 1936, for examination of the chest for 
possible metastasis. The tumor in the abdomen 
was so large that malignant degeneration was 
considered. 
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As the patient’s abdomen was being roent- 
genographed, small linear elevations were seen 
on the calves of her legs; on examination these 
proved to be guinea-worms and films of the 
legs were made. 

There was no evidence of metastasis in the 
chest. The liver and diaphragm were pushed 
high into the chest cavity. A calcified mass was 
seen in the left chest just above the diaphragm 
and no corresponding mass could be found 
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parts that were examined. No films were made 
of the arms or head. 

The patient comes from a district which is 
known to be highly infected. Calcified guinea- 
worms were scattered throughout the body yet 
apparently had produced no symptoms. 

The roentgenograms of this case are pre- 
sented together with one diagram showing the 
probable location of one of the calcified worms 
seen in the chest films. 


Fic. 6. Case v. Diagram of the chest showing the probable location of one of the 
calcified guinea-worms in the chest. F;-F; represents the position of the film in 
the posteroanterior view. F:-F2 represents the semi-lateral film. 4-4’ repre- 
sents the ray which passed through the lower guinea-worm in the posteroanterior 
view. B-B’ is the ray giving the shadow in the semi-lateral view. Therefore the 
intersection of these two rays would be the approximate location of the calcified 
guinea-worm in the chest, i.e. in the pleura of the anterior left chest. 


under the skin of the chest or abdomen of the 
woman on either the anterior or posterior sur- 
face. (Guinea-worms are often found under the 
skin on the backs of men who carry water in 
large pig-skin bottles thrown over their 
shoulders.) 

On opening the abdomen a large solid ovarian 
tumor weighing 25 pounds was removed. 
Scattered throughout the peritoneum were sev- 
eral small calcified masses just beneath the sur- 
face, one of which was removed for examinaticn. 

Later, films were also made of the pelvis and 
abdomen. Guinea-worms were found in all 


Comment. Although 5 cases were ex- 
amined in five months no other cases have 
been seen in the Department of Roent- 
genology during the past three years. No 
definite conclusions can be drawn from 
only 5 cases. All of the patients were living 
in or had lived in an infected area, although 
one patient denied any active infection for 
at least thirty years. Two patients com- 
plained of symptoms suggestive of a tuber- 
culous disease of the knee joint. One pa- 
tient was thought to have an injury or 
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metastasis to the hip or pelvis. In one case 
the symptoms were probably due to the 
active infection present in addition to the 
calcified worms. The fifth case in which the 
calcification was found to be more exten- 
sive was symptomless. 

The statement is made that live guinea- 
worms may be found in any part of the 
body but usually seek a moist surface such 
as the legs and feet which are often wet 
while water is being drawn from tanks. 
Does the moist area theory explain the 
reason for the calcified guinea-worms being 
found in joint spaces, moist peritoneum or 
pleura, do they follow the lymphatics or 
are they found “‘in any part of the body”? 

Blood counts were made on several pa- 
tients but are not reported because they 
would require too many other details and 
discussion. Eosinophilia of about Io per 
cent was found in 3 cases but the patients 
were also infected with various intestinal 
parasites so that the eosinophile count was 
meaningless. 

SUMMARY 

1. A report has been made of calcified 
guinea-worm in five patients who were liv- 
ing or had lived in an infected area (in India). 
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Fic. 7. Case v. Full size view of the calcified guinea- 
worm removed from the peritoneum at operation 
showing the broken rice grain bodies. 


2. The cases reported illustrate the 
statements that calcified guinea-worms 
may cause no symptoms or may cause 
symptoms resembling various forms of 
arthritis. 

3. Calcified guinea-worms were found on 
films of any area of the body. 

4. The calcified guinea-worms are found 
in segmented chains, coils or in linear ar- 
rangement or in heterogeneous masses of 
small particles resembling broken rice 
grains. 
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IDIOPATHIC FAMILIAL GENERALIZED 
OSTEO PHY TOSIS* 


By ERNST FREUND, M.D., F.A.C.S. 


White Memorial Hospital 
LOS ANGELES, CALIFORNIA 


“THE case to be presented in this article 
has, beyond its unusual individual ap- 
pearance with gigantic deformities of the 
extremities, great importance from a theo- 
retical viewpoint. It represents a form 
which at first is difficult to differentiate 
from a forme fruste of acromegaly, a hy- 
pertrophic osteoarthropathy, or whether it 
is altogether a disease sui generis. 


A man, aged fifty-seven, was transferred to 
the Orthopedic Service from the Medical De- 
partment where the diagnosis of Bamberger- 
Marie syndrome had been made. The patient’s 
history revealed that forty-three years ago, at 
the age of fourteen, he had had an attack of 
measles. Three days after he apparently had 
recovered, the third and fourth fingers of the 
right hand became swollen and tender and he 
was unable to move them. From the fingers the 
pain went to the small of his back. The follow- 
ing spring the hands and wrists became swollen, 
as did also the feet and ankles, but the latter 
were not so markedly involved as the hands. 
He did not remember how long the joints re- 
mained enlarged, but after the attack the parts 
involved did not return to normal proportions. 
The condition recurred in more marked severity 
each year for about eight years, mainly in the 
spring months. After the age of twenty-two the 
attacks became milder, although the hands and 
feet had progressively enlarged to the propor- 
tion of gigantism. He was able to work on a 
farm until twenty years ago, when he noticed 
that because of stiffness of the fingers he could 
not handle things as he should. He had to dis- 
continue farming and worked at gardening 
until two years ago, when he developed erysipe- 
las; since then he has been unable to work. The 
erysipelas started on the left ankle and was 
soon followed by abscess formation and drain- 
ing sinuses which persisted for about one year. 
About eighteen months ago a rash developed 
on the right foot, later on the left. He was 
treated by a dermatologist and the rash soon 


disappeared but returned soon afterwards, so 
that he has been constantly suffering from a 
chronic eczematous dermatitis since. He had 
weighed around 200 pounds for about ten 
years, has gained recently, so that at time of 
admission he weighed 211 pounds. 

Family History. Patient knows nothing of his 
father. Mother is seventy-eight years of age, 
alive and well. Five half-brothers and two half- 
sisters. Two half-brothers died of diphtheria; 
the others are alive and well. Patient is not 
married. 

Past History. Entirely negative except for 
the above mentioned measles. 

Patient was kept in the hospital for observa- 
tion and laboratory tests. After his discharge 
from the hospital he returned from time to 
time, mainly for teaching purposes. A biopsy 
was performed in the region of the left patellar 
ligament where, by new ossification, the patella 
had become united with the upper end of the 
tibia. Treatment otherwise was merely symp- 
tomatic. 

Physical Examination. Healthy looking white 
male of plethoric type. Is able to move upper 
extremities but cannot walk because of marked 
flexion contractures of both hip and knee 
joints. Mental capacity fair. Good cooperation. 

Head of normal size and configuration. No 
exophthalmos, good vision. Enlargement of 
thyroid gland. Thorax emphysematous with 
good extensibility on both sides. Heart 
of normal configuration and function. Pro- 
truding abdomen with relaxed abdominal 
musculature. 

The most remarkable findings were the 
changes of hands and forearms, feet and legs. 
The changes showed essentially the same de- 
gree on both sides. Both wrist regions were 
extremely enlarged and the enlargement ex- 
tended to the tips of the fingers. The skin over 
the involved areas showed hyperpigmentation. 
Both hands were kept in contracted position, 
the wrists slightly flexed with some radial 
deviation of the hands. There was some flexion 


* From the Department of Orthopedic Surgery, Dr. A. Steindler, State University of Iowa, lowa City, Iowa. 
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of the metacarpophalangeal joints, slight hy- 
perextension in the first interphalangeal joints 
and some flexion in the distal interphalangeal 
joints. The thumbs were slightly extended in 
the interphalangeal joints. There was about 
15° of flexion and a fairly good amount of 
radial and ulnar motion. The fingers were tre- 
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soft tissues. More pronounced than the club- 
bing of the end-phalanges was a fusiform swell- 
ing of the first interphalangeal joints which 
were kept in hyperextension. The bony joint 
ends of the fingers and wrists were enlarged in 
a diffuse form and on top of these even more 
hyperplastic changes, especially on the dorsal 


Fic. 1. Enormous enlargement of distal ends of the extremities, especially of wrist and ankle regions 
with clubbing of distal phalanges (in B and C normal hand and foot for comparison; in 4 skin of 
legs covered by Lassar paste because of eczema). 


mendously deformed. The thumb was kept 
straight and adducted. The other four fingers 
were spread and showed marked clubbing of 
the end-phalanges. The finger nails were 
widened, thinned with longitudinal striation 
and showed frequent fissures, sticking very 
loosely in the nailbeds from which they appar- 
ently were gradually pushed out by enlarge- 
ment of the distal phalanges. There was no 
trophic lesion of the finger nails noticeable and 
only relatively few hyperplastic changes in the 


side several bony nodules and small exostoses 
could be palpated. The patient could move the 
fingers in the metacarpophalangeal joints to 
make a fist only when the thumb was kept from 
the palm. There was tightness of the palmar 
aponeurosis, but the appearance was not that 
of a Dupuytren’s contracture. There were no 
firm bands and no thickened portions of the 
fascia. 

Elbow joints: 20° flexion contracture. Mo- 
tion from 160—-180°, some crepitation, no pain; 
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Fic. 2. Lateral view of left elbow region. Antero- 
posterior view of left wrist region. Immense thick- 
ening of the bones by peri- and para-osseous bone 
formation leading to synostosis between radius 
and ulna. 


no pronation or supination; slight bony enlarge- 
ment of the joint. 

Shoulder joints: Good abduction and adduc- 
tion; rotation limited; no crepitus; no pain or 
tenderness. 

Measurements: Circumference of wrists 
(around lower ends of radii and ulnae): right, 
10 3/16 inches; left 10} inches; normal control, 
64 inches. 

Circumference around metacarpal heads: 
right, 103 inches; left, 10} inches; normal con- 
trol, 84 inches. 

Circumference of first interphalangeal joints, 
third fingers: right, 33 inches; left, 3 inches; 
normal control, 24 inches. 

Circumference of end-phalanges of third 
fingers: right, 3 1/16 inches; left, 3 inches; nor- 
mal control, 2 inches. 

The skin temperature of hands and upper 
extremities was normal. There were signs of an 
inflammatory skin irritation of the flexor side 
of the elbow joints, extending to the upper arm. 
Densely situated macules and pustules of pink- 
red stain were present with beginning desqua- 
mation and typical scratch erosions. 

Lower extremities: Very similar changes, if 
possible of even more marked degree, could be 
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noticed in both lower extremities. There was 
gigantic enlargement from the knees down. The 
thighs were apparently not involved. Here, 
considerable muscle wasting was present. The 
legs were column-like and resembled an ele- 
phant’s leg very closely. 

Hips: Flexion contracture of 30° in both hips. 
Flexion motion was possible for about 80°; all 
other motions were markedly restricted; rota- 
tion on left side was entirely abolished. Crepi- 
tus on motion. 

Knee joints: Both showed flexion contrac- 
tures of 45° with about 15° free motion. Joints 
appeared swollen by bony enlargement; no 
joint effusion. Patellae could hardly be pal- 
pated because of a great many bony exostoses 
on the dorsal side of the joint which apparently 
belonged to the patella. The latter was fused 
to the tibia by ossification of the patellar liga- 
ment. 

Circumference of knees: right, 20 inches; left 
19? inches; normal control, 14} inches. 

There was a most unusual enlargement of the 
ankle regions with complete disappearance of 
normal outlines and prominences of malleolar 
bones. The enlargement was almost entirely 
due to bony deformities. There was very little 
if any soft tissue thickening. Nevertheless, the 
skin showed very marked pathologic changes. 
There was a dark-brown hyperpigmentation 
extending around the entire circumference of 
the legs and on the dorsal surfaces of the feet. 
Over the lateral aspects of both legs, more 
marked on the right, acute inflammatory red- 
ness of the skin was present with a thick layer 
of hornified epithelium. Acute inflammatory 
skin changes were also present over the toes, 
especially in the interdigital folds, where be- 
sides desquamation small pustules with serous 
discharge could be observed: Chronic eczema- 
tous dermatitis. 

Both feet were kept in slight equinus; some 
valgus of heels and abduction of forefeet. The 
big toes were hyperextended in the interpha- 
langeal joints and plantarflexed in the meta- 
tarsophalangeal joints. All joints were giganti- 
cally enlarged and bony exostoses could be 
palpated on the joint ends. The other toes were 
also markedly thickened, the nails enlarged, 
very similar to the changes on the hands. There 
was very little motion in the midtarsal region, 
somewhat more in the tibio-astragaloid and 
subastragaloid joints. 

Measurements: Circumference of calves (at 
level where the changes were not very marked): 
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right, 15 inches; left, 142 inches; normal, 123 
inches. 

Lower end of legs: right, 14} inches; left, 14 
inches; normal, 9} inches. 

Circumference of ankle regions: right, 163 
inches; left, 162 inches; normal, 12} inches. 

Circumference at level of metatarsal bases: 
right, 114 inches; left, 113 inches; normal, 93 
inches. 

Vertebral spine: Normal configuration in 


Idiopathic Familial Generalized Osteophytosis 


219 


amination and chest films did not reveal intra- 
thoracic pathology; there was good excursion 
and the costophrenic angles were clear. 

Skeleton: All bones were examined on differ- 
ent occasions. Here, only one report is given 
for the right side, the changes being essentially 
the same on both sides. 

Right upper extremity, shoulder joint: The 
joint space is of normal width, the bony joint 
surfaces smooth with the exception of the joint 


kic. 3. Anteroposterior view of both hands. Thickening of phalanges and metacarpals, 
relatively less marked at the ends of fingers. 


sitting position. No scoliotic or kyphotic devia- 
tion. All motions markedly restricted, espe- 
cially in the lumbar spine, which was kept en- 
tirely stiff. 

Laboratory findings. Blood counts on fre- 
quent examinations were normal (Hb 97 per 
cent, red blood cells 4,750,000, white blood 
cells 10,coo). Urine negative. Wassermann and 
Kahn tests negative. Blood chemistry at fre- 
quent examinations showed normal values (cal- 
cium varying from 10.9 to 9.75; phosphorus 
from 2.2—3.96). 

Roentgen Examination. Roentgenoscopic ex- 


margins where bony prominences have formed 
of a cloudy porotic bony structure. Similar 
formations were present on the neck of the 
scapula, here leading to considerable enlarge- 
ment of this bony portion; these formations 
were not so distinct in other parts of the scapula 
although the acromion appeared very much 
larger than under normal conditions. The shaft 
of the humerus and the clavicle showed thick- 
ening by periosteal bone apposition which, in 
part, was still of the porotic structure of a 
primitive periosteal osteophyte with irregular 
nodular surface; in part, it had become already 
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assimilated with the cortical bone and the bony 
surface was smooth. Relatively, however, if 
compared with the bones of the distal portions 
of the extremities, the amount of new periosteal 
bone around the shaft of the humerus was not 
very marked. 

Right elbow joint: The bony joint ends were 
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tended clear down, surrounding the joint mar- 
gins. 

Right wrist and hand: The periosteal bone 
apposition along the shafts of radius and ulna 
became more and more marked toward the dis- 
tal ends. The lower halves of the forearm bones 
were almost twice the normal size and the 


Fic. 4. Lateral view of both knee joints. Note the enlargement of tibiae and 
femora with ossification of patellar ligaments. 


unusually enlarged. In many places one could 
still see the old cortical bone included in a heavy 
coat of new bone, which closer to the center of 
the bone showed a more lamellated structure 
parallel to the periosteal surface of the bone; 
at the periphery it was irregular, dentated or 
nedular. The periosteal new bone production 
increased in intensity toward the distal end 
of the extremity. In the middle of the forearm 
the new bone production around the ulna had 
united with that of the radius so as to form a 
solid bony bridge at the site of the interosseous 
space. The ossification at the upper end of the 
ulna extended into the cubital fossa where it 
formed a prominent bony mass 3 cm. thick. 
The joint space of the elbow was well preserved 
but the joint surfaces were certainly enlarged 
by new periosteal bone production which ex- 


lower epiphyses especially had widened so 
greatly that the lower end of the ulna had as- 
sumed the size of the lower end of a normal 
radius, thus leading to a considerable increase 
in the joint surface of the radiocarpal joint. 
The spongiosa in the lower metaphyses of the 
forearm bones appeared in a relatively loose, 
irregular texture which, however, at least in 
part, could be attributed to the overlapping 
with the irregular periosteal bony apposition. 
The latter had been assimilated with the corti- 
cal bone in many places, so that it was impos- 
sible to tell where the old bone ended and the 
new bone began. Lamellation of the new bone 
could be seen on the outer sides of radius and 
ulna but, as a rule, the new periosteal bone was 
rather irregular in architecture and showed 
even some cystic rarefied areas. The carpal 
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bones also were markedly increased in size, of 
rough, irregular surface, especially on the dorsal 
side. The joint surfaces, however, were clear- 
cut and the joint spaces were of normal width. 

Most unusual were the deformities of the 
metacarpal bones and of the phalanges. The 
thickening of the bones was beyond measure- 
ment. And still, comparative measurements 
showed that the length of the bones was en- 
tirely within normal limits; it was just the in- 
crease in thickness which brought about the 
gigantic appearance of the hand. All the meta- 
carpal bones and phalanges showed thickening 
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in the metacarpophalangeal joints of the index 
fingers. 

Of interest was that the thickening of the 
distal phalanges was relatively mild. Here, 
only the volar surfaces showed more extensive 
periosteal spur formation. The soft tissues 
around the fingers appeared slightly enlarged. 

Right lower extremity: The hip joint re- 
vealed normal width of the joint space and 
smooth joint surfaces. Only at the joint mar- 
gins, on acetabulum as well as on the femur, 
had exostoses formed which enlarged the joint 
surface and sharpened the joint edges. 


Fic. 5. Lateral and anteroposterior views of right foot illustrating the thickening of the bones, es- 
pecially of metatarsals and the extensive para-articular bone formation behind the ankle joint. 


by periosteal bone apposition, easily to the 
double width of corresponding normal bone. 
The bony outlines in most of the places were 
smooth, often with definite lamellation of the 
new bony increment; only in a few areas, espe- 
cially on the metacarpal bones, the periosteal 
surface was still striated, nodular or even of 
pennate appearance: signs of a still active proc- 
ess of osteophyte production. The bone enlarge- 
ment was extending again clear down to the 
joint surface where bony spurs had formed at 
the insertions of the joint capsules. These spurs 
were, especially at the convex joint ends, dis- 
tinctly separated from the joint margins by 
deep grooves, most likely the spared places of 
anchorage of the collateral ligaments. Extreme 
also was the enlargement of the sesamoid bones 
of the thumbs and of the accessory sesamoids 
in the interphalangeal joints of the thumbs and 


Right femur: Along the entire bone, espe- 
cially at the insertions of tendons and liga- 
ments, very marked periosteal bone production 
had taken place. These changes were most 
marked around the greater trochanter and on 
the posterior aspect of the femur along the 
linea aspera. The shaft of the femur had been 
considerably thickened but the smooth al- 
though irregular periosteal surface suggested 
quiescence of the bone-producing process. 

Right knee joint: The lateral view presented 
a grotesque deformity: All the joint ends were 
extremely enlarged but the joint surfaces pre- 
served their smoothness and the joint space 
was of normal width. The enlargement again 
was entirely due to the periosteal and certainly 
also to the para-osseous bone formation around 
the lower end of the femur and the upper ends 
of tibia and fibula. The bony surfaces were ex- 
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tremely rough with irregular spur and spicule 
formation. Into the popliteal fossa extended a 
number of stalactite-like bony prominences 
with a wide base anchored to the periosteal 
surface of the femur. The patella, too, was ex- 
tremely enlarged by new bone production on 
its entire periosteal surface, and was in firm 
bony union with the tibia as a result of com- 
plete ossification of the patellar ligament. 

Leg bones: More marked than the periosteal 
thickening of the femur was the enlargement of 
both leg bones, comparable only to the most 
pronounced changes of both forearm bones. 
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showed a huge bony mass extending along the 
periosteal surface down to the upper surface 
of the os calcis and, also along and undoubtedly 
within the Achilles tendon, solid bony masses 
had developed blocking posteriorly the tibio- 
astragaloid and the subastragaloid joints. There 
were, however, no signs of obliteration of these 
joints; the joint spaces were well preserved and 
the joint width was perfectly normal. 

The enlargement of the tarsal, metatarsal 
bones and phalanges corresponded exactly to 
the changes on the corresponding bones of the 
hands. Most marked was the new bone produc- 


Fic. 6. Lateral and anteroposterior view of left foot showing essentially the same changes as Figure 5S. 


The periosteal bone apposition was immense, 
the border between old periosteal surface and 
new bone had disappeared almost everywhere 
and the interosseous space had become obliter- 
ated by new para-osseous bone. Although still 
very irregular, the new bony masses had a 
smooth surface, only in a very few places 
greater irregularity as a sign of persistent ac- 
tivity could be noticed. 

Right foot: As the changes of the hands were 
unusual, even mcre pronounced in degree were 
the foot deformities. Here, it was most evident 
that the thickening and enlargement of the 
bones were not merely due to periosteal bone 
apposition but that there must have been a 
very extensive process of osteogenesis in the 
surrounding soft tissues. Especially the poste- 
rior aspect of the lower ends of the leg bones 


tion on the plantar surface with formation of a 
large plantar spur on the os calcis and enlarge- 
ment of the sesamoid bones of the big toes to 
at least three times their normal size. The joint 
surfaces were fairly well preserved, the joint 
margins enlarged by periosteal osteophytes. 
The end-phalanges of the big toes participated 
apparently much more as was also the case in 
the thumbs and on all other end-phalanges. 

Skull: No pathologic changes could be noted; 
there was no roughness of the periosteal sur- 
face, no thickening of the skull bones, no en- 
largement of the jaws. Sella turcica was of per- 
fectly normal appearance. 

Spine and pelvis: Very extensive ossification 
of the anterior and lateral ligaments around the 
vertebral bodies was present, leading to a 
synostosis of all segments with good preserva- 
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tion of the intervertebral junctions. The inter- 
vertebral joints could not be visualized. There 
was roughness of the wings of the ilii and of the 
lower rami of ischium and pubis due to diffuse 
periosteal bone formation. 


Summarizing, we can say that in the 
fourteenth year of life, supposedly follow- 
ing measles, a hyperplastic process devel- 
oped, involving first the joints of fingers, 
wrists and ankles and gradually under ex- 
acerbation leading to a monstrous bony 
enlargement of hands and feet, forearm 
and leg bones. There was clubbing of the 
distal phalanges on hands and feet and the 
clinical diagnosis of a pulmonary hyper- 
trophic osteoarthropathy was made. There 
were, however, neither on repeated clinical 
nor roentgenological examination signs of 
an intrathoracic pathology. Heart and 
lungs were normal. This alone rules out an 
ordinary case of Bamberger-Marie’s osteo- 
arthropathy. On the other hand, the early 
onset at the age of fourteen and the exces- 
sive amount of periosteal bone production 
speak strongly against pulmonary osteo- 
arthropathy. 

It is known, however, that diffuse and 
generalized enlargement of bones by perios- 
teal osteophytes may take place in a num- 
ber of instances in which the source of the 
toxic substance which stimulates periosteal 
bone growth is entirely unknown. Crump,” 
therefore, in an excellent study of this sub- 
ject, suggested the omission entirely of the 
term ‘‘ostéoarthropathie hypertrophiante 
pneumonique”’ and to speak simply of a 
generalized osteophytosis, regardless of the 
source and character of the toxic substance. 
If we follow Crump’s suggestion, then 
there can be no doubt that our case repre- 
sents one of such cases of generalized osteo- 
phytosis, but one of unusual interest be- 
cause of the long duration of the disease 
and the severity of the bone changes. As a 
rule, due to the primary disease (tuber- 
culosis, bronchiectasis, empyema, primary 
or metastatic lung tumors, heart lesions, 
etc.) which cuts short the life of the pa- 
tient, the generalized osteophytosis is not 
very marked. The outstanding symptom is 
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commonly the clubbing of the distal 
phalanges, the drumstick fingers. If, as in 
our case, the deformity reaches such an 
extraordinary degree one is easily inclined 
to consider a special cause of the disease 
and to think even of an entirely independ- 
ent nosologic entity. 

A review of the literature shows, how- 
ever, that our case, although unusual in 
many ways, is by no means the first of this 
kind. Especially in the older literature on 
Pierre Marie’s pulmonary osteoarthropa- 
thy an important réle was played by one 
case which in many respects very closely 
resembles our case. This is the case of the 
brothers Hagner, first reported in 1868 by 


‘Friedreicht as hyperostosis of the entire 


skeleton. Friedreich’s short article created 
much interest and the case was discussed 
by numerous authors (Erb, Marie, Arnold, 
M. B. Schmidt and others) as to whether 
it represented a case of acromegaly or pul- 
monary osteoarthropathy, or a disease by 
itself. 

We give here a summary of the case 
Hagner as it was presented in articles by 
Friedreich, Erb, and Arnold. 


Hagner noticed first, at the age of eighteen, a 
gradual enlargement of the feet, especially around 
the ankles. Then the legs became involved; they be- 
came thicker and harder, and the same was true with 
the knees. Two years later the hands enlarged and 
the fingers became so thick and the skin so tight 
that he had to cease working. The enlargement 
gradually came to a standstill. It never was associ- 
ated with pain or alteration of the general condition. 
Hands and feet showed an elephantiasic enlargement 
which was mostly due to thickening of the bones. 
The phalanges of fingers and toes, the metacarpal 
and metatarsal bones were enormously enlarged. 
The leg and forearm bones showed involvement 
mainly of the epiphyses, but the diaphyses also 
showed monstrous thickening. Less marked were 
the changes on femur and humerus. Besides the 
bones of the extremities, the sternum, ribs, vertebrae 
and jaw bones were also enlarged. 

Of interest was the fact that the younger brother 
showed essentially the same changes. There was the 
same insidious and entirely painless onset at the 
age of seventeen, with the same distribution of bony 
enlargement. The process came to a stop after three 
years of progression. 

The older brother was studied carefully over a long 
period of years. His condition remained essentially 
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the same with the exception that with the years he 
developed a marked arcuar kyphosis. He died at the 
age of forty-seven. Arnold! reported extensively on 
the autopsy findings. 

The necropsy revealed chronic bronchitis with 
moderate pulmonary emphysema; acute broncho- 
pneumonia and chronic indurated foci of broncho- 
pneumonia. Very extensively described are the skele- 
tal changes. There was enlargement of the bones, 
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There was also definite increase in soft tissue. The 
skin showed histologically a thickening of the sub- 
cutaneous tissues which were very rich in sclerosed 
bundles of collagenous fibers, the fibrous nerve 
sheaths were hypertrophic and the vessel walls 
thickened. There was also hypertrichosis of hands 
and feet. 


We reproduce here some of the illustra- 
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Fic. 7. Reproduction of illustrations in Arnold’s article,’ showing the enormous thickening of different 
bones of the skeleton by periosteal osteophytosis (case Hagner 1). 


evenly increasing toward the periphery. The long 
tubular bones showed relatively the least changes, 
although, taken absolutely, they were very consid- 
erable. The distal ends were usually more involved 
than the proximal ends. Metacarpal and metatarsal 
bones were affected the same as the long tubular 
bones, but the degree was much more marked. This 
was the case to an even greater degree with the pha- 
langes, with the exception that the distal phalanges 
were not as thick as the first and second phalanges. 
Besides the more even enlargement of the bones, the 
insertions of muscles, tendons and ligaments were 
especially thickened. The vertebral bodies and the 
pelvis also showed very marked periosteal bone ap- 
position, on the spine mainly along the anterior sur- 
face, on the pelvis along the crests and tubercles. An 
increase in length of the involved bones could not be 
found. 


tions accompanying Arnold’s article, and 
one will easily recognize the same changes 
demonstrable in our roentgenograms. Clini- 
cal history and pathologic findings in the 
famous case Hagner are almost identical 
with those in our case. 

Marie® (1886) and Erb*® (1888) consid- 
ered the case first as one of acromegaly. 
Later (1890) Marie,® describing a new dis- 
ease under the term of “ostéoarthropathie 
hypertrophiante pneumonique,” thought 
that the two Hagner brothers represented 
examples of the new disease. Arnold, on 
the basis of the autopsy findings, felt quite 
strongly that the case was not one of osteo- 
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arthropathy (the end-phalanges showed 
the least affection and the disease started 
in the seventeenth and eighteenth year of 
life, respectively, at a time when there 
were absolutely no signs of respiratory dis- 
turbances), and considered it more as one 
of acromegaly despite the fact that grossly 
the hypophysis was of normal appearance. 

Many years later two other observations 
were reported which showed a great simi- 
larity to our case. One observation is that 
of Oehme’ (1919), the other that of Miiller® 
(1930). 


Oehme’s Case. Twenty-seven-year-old miner. 
Since his fourteenth year of life the distal halves of 
the legs and forearms became thicker and hands and 
feet enlarged remarkably. Subjective symptoms were 
scarce and of no importance. No changes of nose and 
jaws. On physical examination, hands and feet enor- 
mously enlarged, large and clumsy, clubbing of 
fingers with watch-glass nails. Roentgenograms re- 
vealed osteophytic thickening of the bones. 

Patient stated that two of his brothers and one 
sister showed the same changes, which had developed 
also around the fourteenth year of life. One brother 
was examined and showed the same picture of bony 
enlargement of the distal ends of the extremities, 
but not as pronounced. 

Miiller’s Case. F. B., male (age not stated). At the 
age of seventeen, pain appeared in the knees and the 
patient was confined to bed for ten weeks. Both 
knee, ankle and wrist joints enlarged. Similar attacks 
recurred each year, especially in the spring and fall. 
The progressive enlargement had stopped for the 
last few years. On physical examination, the upper 
and lower extremities were markedly enlarged, from 
the elbow, respectively knee joints down, especially 
the hands, feet and knee joints. Roentgenograms 
showed periosteal thickening of the affected bones 
with condensation of the bony structure. The two 
lower thirds of the forearm bones showed stalactite- 
like apposition of bone. 

An arthrotomy of one knee joint was performed. 
Normal joint cartilage, but a markedly thickened 
and hypertrophied synovia was found. 

Thirty-six-year-old brother observed an increasing 
enlargement of hands and feet since his eighteenth 
year. Rheumatic pain in the joints of the lower ex- 
tremities and in the lumbar spine since the age of 
twenty. On physical examination essentially the 
same changes as in the older brother were found. 

A sister was perfectly normal. She stated that her 
father had a peculiar form of the distal ends of the 
fingers with markedly prominent finger nails. 


Neither Oehme nor Miller could find 
anything which would suggest a lesion of 
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the anterior lobe of the hypophysis. On the 
other hand, there was likewise nothing to 
suggest a primary disease which could have 
produced the toxic substances to stimulate 
periosteal bone growth of a post-pneumo- 
pathic origin in the sense of Marie. Miiller 
stresses also the point that the distal pha- 
langes in his observations, as was also the 
case in the Hagner brothers, were rela- 
tively spared and did not show most of 
the hyperplastic changes as is usually the 
case in Marie’s hypertrophic osteoarthrop- 
athy. Another fact which is not compatible 
with the disease just mentioned is the 
typical occurrence of the disease about 
puberty and its familial occurrence. Oehme 
and Miiller consider their cases rather as 
related to acromegaly and call them a 
familial acromegaloid skeletal disease. 

We agree on the nosologic identity of 
the Hagner brothers with Oehme’s and 
Miiller’s observations, and we think that 
our case belongs in the same group. Our 
case has the main features mentioned by 
the other authors (onset about puberty, 
enormous enlargement of the distal ends 
of the extremities by periosteal osteo- 
phytes, long duration with very little al- 
teration of the general condition), except 
that it lacks familial occurrence. This, how- 
ever, is a point of only relative significance. 
Our patient had only half-brothers from 
his mother, he knew nothing about his 
father. Therefore, we still have the right to 
class our patient in the same group of pa- 
tients with a constitutional hyperostosis. 
The fact that there was no familial occur- 
rence in our case is even of greater interest 
because it shows clearly that we are dealing 
here with a constitutional disease, the dis- 
position to which is transmitted by the 
father alone, the children of the mother 
from another man being normal. 

We cannot agree, however, on the pitui- 
tary origin of the disease. In none of the 
observations was there anything to suggest 
a dysfunction of the anterior lobe of the 
hypophysis. Merely the fact that the acra 
of the extremities were enlarged is not suf- 
ficient reason to consider acromegaly. We 
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know that in cases of true acromegaly the 
enlargement is mainly due to hyperplastic 
changes in the soft tissues, not so much in 
the bones. Bone apposition takes place at 
the peripheral bases of the extremities but 
never to such a degree as in the cases men- 
tioned. If the dysfunction of the hypophy- 
sis arises before the bone growth has 
stopped, then we expect to find some al- 
teration of length growth due to the spe- 
cific action of the anterior lobe hormone on 
the cartilaginous tissue of the epiphyseal 
plates. The condition in our case started at 
the age of fourteen, which was also true in 
the patients observed by Oehme, but in 
none of them was there an increase in 
length of the affected bones, although the 
thickness of the bones was almost doubled 
by the periosteal activity. Friedreich, after 
clinical examination, thought that in the 
case Hagner 1 there might have been 
some lengthening of the bones of the hand. 
Arnold, however, with careful measuring, 
could not confirm Friedreich’s statement. 

It would do injustice to the facts by 
considering the cases as acromegaloid just 
from the enlargement of hands and feet, 
and not as hypertrophic osteoarthropathies 
with which they have the extensive, almost 
generalized formation of periosteal osteo- 
phytes in common. 

We mentioned in the beginning of our 
discussion that Marie’s denomination is 
too narrow; there is a number of cases 
with hypertrophic osteoarthropathies in 
which there is no metapneumopathic cause; 
there are also cases in which the bony 
changes are not associated with arthritis, 
so that Crump’s suggestion to drop the 
term “ostéoarthropathie hypertrophiante 
pneumonique”’ is fully justified from a 
clinical and pathological standpoint. We 
accept Crump’s suggestion and speak of a 
generalized osteophytosis. With this we ar- 
rive at the conclusion that the brothers 
Hagner, Oehme’s and Miiller’s observa- 
tions, as well as our case, represent cases 
of generalized osteophytosis. The great 
periosteal bone formation was the main 
feature in all cases, some of which also 
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showed participation of the joints. 

To take the changes in the distal pha- 
langes as a salient differential diagnostic 
point, as was done by Arnold and Miiller, 
and to refute in the absence of more 
marked clubbing the osteoarthropathy is 
an overestimation of the significance of the 
drumstick fingers. Crump’s very careful 
anatomic study of a typical case of ostéo- 
arthropathie hypertrophiante pneumo- 
nique showed the osteophyte formation on 
the distal phalanges relatively less marked 
than on the other phalanges, and the soft 
tissues around the nail beds were rather 
atrophic. He considers for the complex 
picture of pulmonary osteoarthropathy es- 
sentially three factors which may modify 
the clinical and anatomic picture, one fac- 
tor leading to stimulation of periosteal ac- 
tivity resulting in osteophytosis, the other 
causing hyperplastic changes in the soft 
tissue around the end-phalanges leading to 
drumstick fingers, and a third one causing 
joint irritation = toxic arthritis. 

It seems that in the group of familial 
occurrence of generalized osteophytosis the 
toxic substances circulating in the blood 
stream have mainly a stimulating activity 
upon the periosteum. Joint changes and 
clubbing of the fingers may occur but are 
of secondary importance. The amount of 
periosteal bone production is certainly 
most unusual, much more than is usually 
encountered in simple cases of generalized 
osteophytosis, and could suggest a disease 
by itself. There is only the question as to 
whether a difference in degree is an ade- 
quate reason for separate classification of 
a disease. We do not think so. We see only 
in the cases reported here a special group 
of generalized osteophytosis; there is fa- 
milial occurrence and source and character 
of the toxic substance; which is responsible 
for the skeletal changes is entirely un- 
known. The disease starts in the second 
decade of life, as a rule insidiously and ap- 
parently without any preceding or accom- 
panying disease (although in our case 
measles had been brought in causal con- 
nection by the patient), and is probably 
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related to puberty and to the change of 
metabolism as it takes place at this critical 
period of life. It is, however, very doubtful 
whether there is a direct dependence on 
an altered function of one of the glands of 
internal secretion; it rather seems that 
some proteinogenic substances form in the 
intermediary metabolism and apparently, 
without being destroyed in the liver, enter 
the circulation and stimulate periosteal 
bone growth. These substances must be re- 
lated chemically to the products deriving 
from different diseases of the lungs which 
also, without passing through the liver, 
become distributed in the body, reach the 
periosteum and lead _here to osteogenesis. 
One might expect that it would be possible 
to produce generalized osteophytosis ex- 
perimentally by setting up certain lung le- 
sions and to arrive by chemical study of the 
blood of the left heart to isolation of that 
substance which has such a specific activity 
upon periosteal bone growth. It will then 
be of interest to determine whether such 
a substance is also responsible for the idio- 
pathic familial generalized osteophytosis. 
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With the clearing up of the metabolic dis- 
order and with the chemical identification 
of the toxic agent, a specific form of treat- 
ment can be expected which up to now is 
purely symptomatic. 
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ROENTGENOLOGICAL STUDIES OF MEGACOLON 
TREATED BY SYMPATHECTOMY 


By E. M. VAN BUSKIRK, M.D. 


FORT WAYNE, INDIANA 


"HE clinical entity megacolon literally 
means a large colon. Many terms have 
been used to describe the same condition, 
such as “megalocolon,” “Hirschsprung’s 
disease,”’ “congenital idiopathic dilatation 
of the colon,” ““Mya’s disease,” and “‘pelvi- 
rectal 
HISTORY 

This condition was known as early as the 
seventeenth century, when Barrington 
Ward, in quoting Jayle, reported a typical 
case in a female aged five years.' Finney 
cites reports of Parry in 1825, and Billard 
in 1829. In 1836 Ebers reported a case 
which was followed by von Ammon in 1842, 
who reported cases in a seven months’ fetus 
and a child who died shortly after birth.® 
Following these came other case reports. 
The most outstanding were published by 
Hirschsprung in 1886, consisting of 2 cases 
having constipation and distention, each 
presenting a dilated hypertrophied colon. 
One patient died from a general cachexia 
and the second from ulcerative colitis. 
Hirschsprung’s name was afterward asso- 
ciated with this condition, and there has 
been considerable discussion as to whether 
he deserves priority. In general, it is be- 
lieved that he probably gave the first clear 
conception of the condition.“ However, 
Dr. Wm. E. Hughes in 1886 also reported 
the autopsy findings in a boy, aged three, 
having a dilated colon marked in the region 
of the sigmoid with a hypertrophied wall. 
Bartle’ states that by 1894, when Mya 
added 2 cases, his review of the literature 
showed a total of 9 cases, although actually 
there were more cases on record at that 
date, and in January, 1908, when Fisher 
and Finney made their review, they had a 
total of 206 cases. Since that time many 
more articles and reports of cases have ap- 
peared in the literature. 

ETIOLOGY 

Many theories have been advanced to 

explain the etiology of this condition. How- 


ever, the seemingly most popular classifica- 
tion quoted by Mercer," Bartle,! Judd and 
Thompson,’ and Rankin and Learmonth,” 
comprises the following, of which the 
neurogenic is the most favored: 

1. Congenital: Anomalous development, 
being either dilatation or hypertrophy, 
with the other as a secondary factor: also 
congenital neuropathic or mechanical de- 
fect. 

2. Mechanical: Abnormal length of the 
sigmoid, or abnormal length of the mesen- 
tery, torsion, valve conditions, aplasia of 
the muscularis above the rectum or sig- 
moid, and abnormal distention of the colon 
by meconium with mechanical factors pres- 
ent preventing it from emptying. 

3. Inflammatory or infective: Chronic 
colitis resulting in altered physiology and 
anatomy of the bowel due to existing ex- 
citing causes. 

4. Neurogenic or neuropathic: Lesion of 
the sympathetic nervous system, paralysis 
of a segment of intestine, neuromuscular 
defect in a segment of bowel, achalasia of 
pelvirectal flexure, reflex spasm of sphinc- 
ters as a result of anal fissure and hyper- 
activity of the sympathetic nervous system. 

At the present, due to the work of Wade 
and Royle,” Judd and Adson,*® Rankin and 
Learmonth,” and others, the neurogenic 
theory is accepted as one of the principal 
causes because of the favorable results ob- 
tained by neurectomy on the parts in- 
volved. 

The colon, rectum and anus are inner- 
vated by the sympathetic and the para- 
sympathetic nervous system. It is gener- 
ally understood that the parasympathetic 
fibers increase peristalsis and relax the 
sphincters, and the sympathetic set of 
fibers inhibits peristalsis and contracts the 
sphincters; consequently when there is an 
impairment of function, chiefly on the part 
of sympathetic fibers, the condition result- 
ing is megacolon’. 
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PATHOLOGY 


Almost one-third of the cases involve the 
sigmoid alone; however, the condition may 
include the entire colon but rarely involves 
the cecum or the lower end of the rec- 
tum.!:8 Grossly the characteristics are hy- 
pertrophy, dilatation and elongation of the 
bowel involved, with quite vascular and 
very much thickened omentum and mesen- 
tery with enlargement of the lymph nodes. 
Generally the longitudinal bands are ab- 
sent, the muscular coats thickened, and 
the mucosa shows evidence of chronic in- 
flammatory changes or focal necrosis.‘ 

Microscopically the muscular coats, sub- 
mucosal and mucosal layers are thickened. 
The blood vascular elements and lymphat- 
ics are increased, and there is evidence of 
small round cell infiltration.’.*.*? In fur- 
ther detail Judd and Adson® say: “It is 
often observed that the mucosa is pig- 
mented, and it may show patches of ulcera- 
tion or scar formation or scars from celitis 
which have developed subsequent to chem- 
ical irritation and trauma from impacted 
feces. The Auerbach ganglia do not show 
any particular change; if anything, the 
cells are in clumps which are slightly larger 
than normal.” 


SYMPTOMS 


Megacolon occurs in males much more 
frequently than in females, the ratio being 
about 3:1. One of the earliest symptoms of 
dilatation of the colon is obstinate con- 
stipation, which is shortly followed by ab- 
dominal distention. These symptoms are 
often manifested a few days after birth, 
and occasionally may be replaced by pe- 
riods of diarrhea or vomiting. Very often 
these patients may not have an evacuation 
for weeks at a time, and also give a history 
of enemata and cathartics being of little 
avail. Occasionally during the periods of 
diarrhea they may pass liquid stoels which 
trickle past the heavy mass. However, if a 
complete evacuation is obtained the size of 
the abdomen is lessened and the belly is 
flaccid.! 1° 

The picture presented is that of a child 
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or an infant with an extremely large pro- 
truding abdomen, and malnourished, ema- 
ciated body. The abdominal wall is very 
thin and occasionally separate coils of in- 
testine are distinguishable and peristaltic 
movements are discernible. There seems to 
be a loss of subcutaneous fat, and the 
muscles of the arms and legs appear to be 
atrophied. Whenever the distentian is ex- 
treme, the subcostal angle is very wide, 
superficial abdominal vessels are distended, 
respiration and circulation are impaired 
with impending dyspnea and edema of the 
legs.! 
DIAGNOSIS 


The diagnosis of megacolon is usually 
very easy, but it must be differentiated 
from general dilatation of the intestine as 
the result of rickets, chronic ileus, or 
chronic disturbances of digestion. It may 
also be confused with tuberculous peri- 
tonitis, volulus, cysts, carcinoma, or other 
tumors or obstructions. 

The information obtained from the clini- 
cal history and physical examination is 
greatly augmented by a roentgenogram 
following a barium enema, demonstrating 
the presence of a large colon.? 

As a further diagnostic procedure follow- 
ing a tentative diagnosis of megacolon, 
Cassidy and Salkin* recommend spinal an- 
esthesia to determine whether the colon 
becomes active, shows peristalsis and de- 
creases in size. In this manner, it is pos- 
sible to differentiate megacolon due to 
neurogenic causes and that due to other 
causes. They also found this method valu- 
able in determining the efficacy of gang- 
lionectomy, and the benefits that might be 
anticipated. 


TREATMENT 


The treatment of megacolon has chiefly 
been medical and surgical. Under medical 
management every method has been tried 
that would alleviate the obstinate con- 
stipation of which the patients complain. 
Included in this group are various drugs 
such as pituitrin,? pilocarpine, physostig- 
mine, acetylcholene,’ parathormone, and 
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Fic. 1. Case 1. Distended colon. Entire colon ex- 
tremely dilated, holding 1,200 cc. of fluid. 


arsenic and iron. In addition, special diets, 
elastic binders, exercise, massage, enemas 
and sine wave electricity have been tried.'” 
However, Bonar* suggests medical treat- 
ment by repeated intrarectal injections of 
saturated solution of magnesium sulphate 
in order to relieve obstipation. He states 
the action of magnesium is possibly of 
neuromuscular nature. ““The similarity be- 
tween the effect of rectal injections of the 
solution and the effect of the division of 
the sympathetic nerve supply of the colon 
suggests the possibility of local paralysis of 
the sympathetic nerve endings in the 
bowel. On the basis of such a theory suc- 
cess following injections should lead to the 
inference that like success would attend 
sympathectomy.” In this respect, it might 
be made to serve the same use as spinal 
anesthesia suggested by Cassidy and Salkin 
prior to surgery. Bonar suggests this 
method as a valuable preliminary medical 
treatment, thereby offering an opportunity 
for observation and i improvement in nutri- 
tion and health previous to surgery in the 
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group of patients who at the time are poor 
surgical risks. In considering surgical pro- 
cedures there are many, consisting of ap- 
pendectomy, cecostomy, short circuiting, 
including ileostomy, ileosigmoidectomy, 
radical resection of the affected part and 
total colectomy. However, the work of 
Royle“ for the treatment of spastic paraly- 
sis by sympathetic ramisection and the ac- 
companying cure of spastic constipation, 
calls attention to this procedure as a treat- 
ment for megacolon. With this as a basis, 
Wade and Royle” resected the medially 
directed branches from the second, third 
and fourth lumbar ganglia, and divided the 
sympathetic trunk below the level of the 
fourth lumbar nerve, extraperitoneally on 
the left side through a flank incision. 
Robertson™ reported 3 cases, in 2 of which 
he removed the entire lumbar cord from 
the level of the second enlargement. In his 
report he calls attention to the fact that 
although he operated on both sides at 
once in one patient, there was no evidence 
of shock. Judd and Adson® have reported 


cases in which they resected the second, third 


Fic. 2. Case 1. Child unable to retain enema. Roent- 
genogram made after partial evacuation showing 
colon contracted with a slight distention of the 
sigmoid. 
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and fourth lumbar sympathetic ganglia 
bilaterally through a transperitoneal ap- 
proach. Rankin and Learmonth” report 
good results by resecting the presacral 
nerve, which comprises the inhibitory 
nerves to the rectum, and the motor nerves 
to the internal sphincter, and the inferior 
mesenteric nerves which are the inhibitory 
fibers of the colon. They say: ““The opera- 
tion severs all the sympathetic nerves to 
the parts of the bowel chiefly affected, and 
has the advantages of sparing the vaso- 
motor nerves of the lower extremities.” 


REPORT OF CASES 

The following present roentgen studies 
of 4 cases of megacolon: 

Case 1. A female infant, aged three weeks, 
was presented for roentgen study to verify a 
diagnosis of congenital duodenal stenosis. 

This baby at that time showed no gain in 
weight, vomited its food, was restless, consti- 


pated, dehydrated, and the child’s physician, 


considered its constipation due to lack of food 
intake. The abdomen was not distended and 


Fic. 3. Case 1. Nine months after operation, colon 
and rectum almost empty after evacuation of 
barium enema, which was given a short time before. 
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Fic. 4. Case u. Two years before operation the colon 
was extremely distended, and an ileus developed. 


waves of peristalsis were not visible. The 
diagnosis was congenital duodenal stenosis. A 
barium suspension was passed into her stomach 
through a -catheter. The stomach remained 
completely filled for about twenty minutes. The 
colon was seen under the screen to be very 
much distended. Thinking the distended colon 
might in some way hinder the passing of the 
gastric contents into the small bowel, the large 
bowel was pushed downward, and then the 
stomach could be seen to empty very rapidly. 
About twenty minutes later a barium enema 
was given, which under the screen revealed a 
colon generally dilated throughout. At this time 
the diagnosis was changed to megacolon with 
mechanical compression of the pylorus. The 
child was treated with cathartics and copious 
enemas in order to relieve the obstipation. At 
the age of five and one-half years (Jan. 16, 
1931), a roentgenogram was made (Fig. 1) after 
a barium enema, disclosing a very distended 
colon holding about 1,200 cc. of fluid. 

A month later, (Feb. 15, 1931), she went to 
surgery and Dr. H. O. Brueggeman did a left 
lumbar ganglionectomy and ramisectomy. Her 
convalescence was uneventful. On May 6, 1931, 
a barium enema was given, but due to the dis- 
comfort she was unable to retain it, so that 
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Fic. 5. Case 11. Barium enema before spinal anes- 
thesia. 


Fic. 6. Case 11. Fifty minutes after spinal anesthesia; 
bowels moved during interval between Figures 5 
and 6, 
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after a partial evacuation (Fig. 2), the film 
showed considerable diminution in the size of 
the colon, with the sigmoid still somewhat dis- 
tended. Another study of the colon was made 
on October 8, 1931, and the film made im- 
mediately following the evacuation of the 
barium enema (Fig. 3) revealed the entire colon 
and rectum almost empty with the sigmoid still 
slightly dilated. For the first three months 
following surgery, mild laxatives were necessary 
two or three times a week, but at the time the 


Fic. 7. Case 11. Two years after operation, colon 
able to evacuate nearly two-thirds of barium 
enema, 


last roentgenogram was taken (Oct. 19, 1931) 
the mother stated that she did not give her any 
enemas or laxatives. 


Case 11. The patient, a white male, gave a 
history of the usual childhood diseases, but 
always constipated with a large protruding ab- 
domen. At the age of thirteen, an ileus (Fig. 4) 
developed to a point that death seemed in- 
evitable due to the extreme distention of the 
abdomen. Witzel’s operation was done to give 
the boy relief, and he was placed in the fresh 
air ward as a total invalid. In about a year the 
patient was a little better and up some of the 
time. In April, 1932, three years after his first 
operation, his condition was sufficiently im- 
proved for further surgery. Films after a 
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barium enema were made before spinal an- 
esthesia (Fig. 5) and fifty minutes after (Fig. 6). 
During this interval, before the second film was 
exposed, his bowels moved while on the table. 
This then classified this megacolon as due to a 
neurogenic cause.‘ Under spinal anesthesia his 
left second, third and fourth lumbar ganglia 
were excised by Dr. L. Potter Harshman. He 
improved rapidly after the operation, and since 
that time his bowels move daily without as- 
sistance. 


Fic. g. Case u1. Six weeks after operation bowels 
moved fairly regularly without assistance. Appear- 
ance of colon changed but little. 


Fic. 8. Case 111. Roentgenogram revealed descending 
colon and sigmoid very much distended previous 
to operation. 


Two years after the second operation (April, 
1934), a roentgenogram (Fig. 7) was made after 
a barium enema immediately following evacua- 
tion showing emptying of nearly two-thirds of 
the former enema. 

Case 11. The patient, a boy, aged ten, had a 
history of obstinate constipation since the first 
week of life. Laxatives and enemas were given 
continually. He was poorly nourished, and his 
abdomen was markedly distended. A roent- 


Kic. 10, Case 1v. Previous to operation colon retained 
3,500 cc. of fluid. Twenty days after operation 
colon only retains 1,500 cc. of fluid, but this film 
shows practically no change in appearance of colon. 
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genogram at this time showed the sigmoid and 
the descending colon to be very much distended 
(Fig. 8). After long medical preparation in 
May, 1933, a left lumbar ganglionectomy and 
ramisectomy was performed by Dr. L. W. 
Elston. He had a spontaneous bowel movement 
on the eleventh day. His convalescence in 
general was stormy, and he was able to leave 
the hospital in about six weeks. At this time a 
roentgenogram of the colon revealed very little 
change (Fig. 9). A report from the family in 
December, 1934, revealed that the boy was in 
good health, that his bowels nearly always 
moved in a natural manner, and only oc- 
casionally required a mild laxative. 


Case tv. A malnourished girl, aged thirteen, 
gave a history of having been constipated all 
her life. A satisfactory bowel movement oc- 
curred at intervals of two or three weeks. She 
had a daily leakage from the bowel sufficient to 
soil the clothes. A barium enema prior to 
operation showed an enormous colon. At this 
time 3,500 cc. of liquid barium mixture was 
used. On March 14, 1934, Dr. W. D. Little, of 
Indianapolis, removed the second, third and 
fourth lumbar sympathetic ganglia on both 
sides. She was discharged from the hospital on 
the twentieth postoperative day with good 
wound healing and no unfavorable results. A 
barium enema repeated at this time showed 
little difference in the appearance of the filled 
colon, but only 1,500 cc. of liquid barium could 
be administered, and this caused much distress 
(Fig. 10). This was 2,000 cc. less than the 
barium enema given prior to surgery. Most 
remarkable of all is the fact that this patient 
has had a normal stool every day, with but few 
exceptions. 

COMMENT 


The first case is unusual in that roentgen 
studies have been made since early in- 
fancy; further, that a clinician without 
such an examination might confuse mega- 
colon causing mechanical compression of 
the gastric outlet with a congenital duo- 
denal stenosis. 

The second case illustrates a very stormy 
preoperative period, with the patient 
eventually restored to a comparatively 
healthy existence. 
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All these cases stress the value of the 
resection of the lumbar sympathetic gan- 
glia, and bring out various changes in the 
colon following the operation. 
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THE EFFECTS OF IRRADIATION ON THE NORMAL 
BLOOD CELLS AS DETERMINED BY THE 
BLOOD COUNT* 


By KARL KORNBLUM, M.D., FRED BOERNER, V.M.D., and SAMUEL G. HENDERSON, M.D. 


Graduate Hospital, University of Pennsyloania 
PHILADELPHIA, PENNSYLVANIA 


to study was undertaken primarily 
for the purpose of answering two ques- 
tions: first, what is the effect of therapeutic 
irradiation on the erythrocytes and hemo- 
globin of the circulating blood as revealed 
by the red cell count and hemoglobin de- 
termination and second, what is the effect 
of irradiation on the leukocytes as deter- 
mined by the white cell count? It was real- 
ized that these questions had already been 
answered, since a search through the litera- 
ture revealed the fact that a number of 
investigators, particularly foreign contribu- 
tors, had long since shed light on this sub- 
ject. Nevertheless, the fact that inquiry 
revealed many radiologists without definite 
ideas on the subject and some who held 
views contrary to our own made us feel 
that it would be worth while to acquaint 
ourselves with the true state of affairs by 
actual clinical investigation. Previous clini- 
cal experience had left us with the distinct 
impression that therapeutic irradiation had 
little or no effect on the red cell count and 
hemoglobin content of the blood and that 
anemia per se was never a contraindication 
to radiation therapy. This was apparently 
in direct conflict with the opinions held 
by some radiologists and many physicians 
who have occasion to refer patients for 
radium or roentgen therapy. As regards the 
leukocytes, we were well aware of the de- 
pressing effect of irradiation on the leuko- 
cyte count but did not know precisely the 
extent of this depression nor its clinical 
significance. 

In connection with a problem of this 
kind, it is only natural that many accessory 
questions have arisen, the answers to which 
could be sought while in pursuit of the solu- 


tion of the principal queries. The following 
are some of the questions which have arisen 
during this investigation: (1) Are the vari- 
ous white cells affected in the same manner 
and to the same extent? (2) Does the leuko- 
cyte count ever return to normal? (3) If 
so, how long is required? (4) Can the leu- 
kocytic depression be prevented? (5) What 
effect does the leukopenia of irradiation 
have on the patient? (6) Are such patients 
more susceptible to infection? (7) What is 
their leukocytic response to infection? (8) 
Can the leukocyte count be increased 
artificially? (9) How low is it safe to per- 
mit the leukocyte count to drop in a pa- 
tient receiving irradiation? In a previous 
paper,’ we had arbitrarily established 3,000 
neutrophiles as the minimum count of 
safety. It seemed logical to assume that a 
patient in whom the neutrophiles num- 
bered less than 3,000 per cu. mm. of blood 
might be unable to combat infection or be 
in danger of developing agranulocytic an- 
gina. This study has therefore been con- 
ducted with the hope of finding the answer 
to these questions, to definitely establish 
the influence of therapeutic irradiation on 
the blood count and determine the clinical 
significance of the blood changes produced 
in the practice of radiotherapy. 


METHOD OF STUDY 


This investigation comprises a group of 
100 unselected patients referred for radia- 
tion therapy. They were of all age groups, 
both sexes and several different nationali- 
ties and races. Both benign and malignant 
conditions were included, the latter pre- 
dominating. While there are not many 
cases in any single group as shown by 


* From the Department of Radiology and the Laboratories of the Graduate Hospital of the University of Pennsylvania, Philadelphia, 
Read at the Thirty-seventh Annual Meeting, American Roentgen Ray Society, Cleveland, Ohio, Sept. 2g—Oct. 2, 1936. 
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TABLE I 


MASTER TABLE GIVING COMPLETE DATA IN REGARD TO THE EFFECT OF IRRADIATION ON THE BLOOD COUNT IN 
120 SERIES OF TREATMENTS (100 PATIENTS); ARRANGEMENT ACCORDING TO AREA TREATED, AND IN THE ORDER 


OF ASCENDING AMOUNTS OF THERAPY 


Karl Kornblum, Fred Boerner, and Samuel G. Henderson 


* Columns under various blood cell headings 
1 = Condition prior to radiation therapy 

2 = Changes in blood during treatment 
3 = Number of weeks case followed after cessation of therapy 
4=Number of weeks after cessation of therapy before blood count re 
turned to condition noted prior to irradiation 
5 = Condition of blood count at end of follow-up period, as compared 
with pre-irradiation level 


count 
N =Normal 


NC =No change 


1+ =Slight increase 


2+ = Moderate increase 


3+ = Marked increase 


** Symbols used to denote condition of blood count and changes in blood 


35 


== 


== 


Diagnosis 


Carcinoma of rectum 

Carcinoma of cervix 

Carcinoma of prostate 

Carcinoma of cervix 

Carcinoma of urinary 
bladder 

Carcinoma of ovary 

Carcinoma of ovary 

Fibroids of uterus 

Carcinoma of cervix 

Giant cell tumor of sa- 
crum 

Sarcoma of inguinal 
regions 

Papillomata of urinary 
bladder 

Carcinoma of cervix 

Carcinoma of urinary 
bladder 

Carcinoma of cervix 

Carcinoma of body of 
uterus 

Carcinoma of recto-sig- 
moid colon 

Carcinoma of cervix 

Carcinoma of cervix 

Carcinoma of cervix 

Carcinoma of cervix 


Carcinoma of cervix 


Carcinoma of cervix 
Carcinoma of cervix 
Carcinoma of cervix 
Carcinoma of cervix 
Carcinoma of cervix 
Carcinoma of cervix 
Carcinoma of cervix 
Carcinoma of cervix 


Carcinoma of cervix 
Carcinoma of cervix 
Carcinoma of cervix 


Carcinoma of esophagus! 

Carcinoma of esophagus| 

Ependymoma of spinal 
cord 

Carcinoma of breast 
Axillary metastases 

Carcinoma of breast 

Carcinoma of breast 


Carcinoma of breast 
Carcinoma of breast 
Carcinoma of breast 


Carcinoma of breast 
Carcinoma of breast 
Carcinoma of breast 
Carcinoma of breast 
Carcinoma of breast 


Purpura hemorrhagica 

Carcinoma of stomach 

Lymphoblastoma of 
stomach 


ee 
Amount of | Dura 
Treatment Anti- Pre 
Radi-{ Treat4 rra- 
Total um in | ment Therapy diation 
mg-hr.jJ Days 
PELVIC AREA 
1600 12 ° No 
2750 15 mA Yes 
3600 19 ° No 
4850 22 ° No 
5025 48 aol. No 
§250 26 ° No 
5950 19 ° No 
6400 39 ° Yes 
6900 32 Yes 
7450 20 ° No 
8600 21 Iron L.E. No 
38 ° No 
10000 54 ° Yes 
12250 60 ° No 
13450 45 L.E. Yes 
13800 39 ° No 
13850 53 ° No 
14100 55 ° No 
14950 45 L.E. No 
15000 81 L.E. Yes 
10000 J 2400 86 B.T. Feo- No 
sol L.E. 
11400 | 2400 65 ° No 
13000 | 2400 53 L.E. No 
13250 § 2400 49 ° No 
3600 63 ° No 
11400 | 3600 37 ° No 
13600 | 3600 46 ° No 
13950 | 3900 | 186 L.E. Yes 
12000 § 4800 77 ° No 
13500 | 4800 78 ° No 
13744 | 4800 74 Feosol Yes 
3 B.T. L.E 
14350 | 4800 51 ° No 
14550 | 6000 04 L.E. No 
5900 § gooo 86 ° No 
THORAC AREA 
700 5 L.E. No 
2600 16 L.E. Yes 
3500 26 ° Yes 
3900 34 ° Yes 
4900 19 ° Yes 
7450 28 ° No 
THORAC EA 
7450 22 ° No 
795° 34 E. No 
8200 29 .E. No 
(s) 
8800 32 ° No 
9350 56 ° No 
975° 35 ° No 
10000 35 ° No 
I1050 35 ° Yes 
(s) 
ABDOMINAL AREA 
1975 13 B.T. No 
2504 23 L.E Yes 
3200 19 ° No 


Number| 


0 
Blood 
Counts 
per 
Series 


Total 

Number] * 
of 

Series 
per 

Patient 


FEBRUARY, 1938 


o=Blood was at pre-irradiation le 
vel at end of irradiation 


=(Under column 
follow case after cessation of 


"ZZZ 


ZZ 


SZ 


° 
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of irradiation 
um Red Blood Cells 
er 
Num | Age] Sex [Race in 
ies I 2 3 4 5 
I 30 M W 9 I N 2 3 2 
2(25 s3 | F W 13 2 N | N¢ 22 N¢ 
B 13 I 2 N¢ 11 | NO 
4(15) 62 W 3 I N | NC 
5 44 M W 13 I I N( 3 N( 
6 63 W 5 I I I N¢ 
7 + k B 3 I I N 
s2 F B 24 I I N | 29 o | N¢ 
9 32 | F Ww 14 I 1 I 2 6 2 
Ic 24 M iW 5 I I I r+! «1 N( 
11 51 k W 5 I I I 1+ I 1+ 
12 32 M W 12 I I I N( 11 N( 
13 ss iF W 23 1 I N | N¢ 20 N¢ 
14 701 MEW 13 I I N I 15 I 
rs(4 62 | F WwW 8 2 2 N | N( 6 o | N( 
16 56 1 F W 11 I I N | N¢ 4 o | N¢ 
17 68 9 I I I N¢ 11 N¢ 
18(20 soul B 24 2 I N¢ 14 o | N¢ 
19 s6 F W 16 I I 1s N( 
20(18 so | F B 19 2 2 N¢ 10 o | N( 
21 25 F W 17 I I N( 1s ‘ 1+ 
22 sr | F 13 I I ( o | 
23 57 W 20 I I ( 17 N( 
24 so | F W 20 I I ( 7 o | N( 
25(2) s3 1 F Ww 16 2 I ( 12 ‘ N¢ 
26 74 F W 8 I I 4 i- 
27 F WwW 9 I I I 
28 390 | F W 31 I I ( 10 o | N¢ 
29 32 k Bk 33 I I ( 20 Cc N¢ 
30 64 | F B 26 I 1 ( 30 o | N¢ 
43 B 10 I I + 6 2+ 
32 56 B 16 I I 5 o | N¢ 
33 29 B 23 I I N( II N( 
34 20 F W 35 I NCi 13 N( 
35 (36) sSiMIW 10 2 I I 1+ 4 r | N¢ 
36(35) ssi MIW 7 2 2 I 2 > | NC 
37 35 | F W 8 I I I 2 a | N¢ 
3543) 34 II 2 2 I I+ 7 I+ 
39 42 14 I I N | N¢ 17 a | N¢ 
40 9 I I N iNC] 7 o | 
4! 68 6 I I N | N( I o | N¢ 
42 29 20 I I N | NC} 23 o | N¢ 
43(38) 34 9 2 I I NC 4 o |NC 
44 48 28 I I N | N¢ 27 o | N¢ 
45 60 I I N | NC 2 
46 58 1s I I I 17 1+ 
47 56 11 I I N I 6 o | N¢ 
48 56 18 I I N I 25 6 | N( 
49 61 F 30 I I N t—| 23] 
so(60) | 64 | M 7 2 2 I NC 2 o | N( 
wiMiiw 7 I I N |NC| NC 
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MASTER TABLE GIVING COMPLETE DATA IN REGARD TO THE EFFECT OF IRRADIATION ON THE BLOOD COUNT IN 


120 SERIES OF TREATMENTS (100 PATIENTS) ARRANGEMENT ACCORDING TO AREA TREATED, AND IN THE ORDER 
OF ASCENDING AMOUNTS OF THERAPY 


** Symbols used to denote condition of blood count and changes in blood *** “‘Antianemic Therapy” 
Iron =Iron and ammonium citrate 


count 


cont.) 


1— =Slight decrease 


= Moderate decrease 


3 = M arked dec rease 


(Under column 4) Blood count 


had 
irradiation 
follow-up period 


not 


returned 
level 


to 
end 


pre- 
of 


at 


B.T.=Blood transfusion 
L.E. =Liver extract 


“Case Number” 
Figures in parentheses refer to other case number of same patient 


(s) Under “Amount of Treatment” = Superficial therapy 


Hemoglobin 


3 4 
I 3 
I 2 5 
11 
8 
N¢ 3 ° 
I 
NC re) 
29 c 
2 6 
I II 
I ° 
ac 
2 15 
N¢ 
I 11 
I 14 14 
15 
I 
15 > 
I ° 
N( 17 ° 
I 7 I 
I 12 10 
NC 4 
1 I 
NC} 10 ° 
N( ° 
N¢ 30 © 
3+ 6 
N( 
II 
I 13 12 
NC 
NC 2 ° 
NC ° 


N¢ 17 ° 

N( I ° 
3 4 
N¢ 4 ° 
N¢ 7 
I 2 

I 17 7 
I 6 2 
N¢ 25 | o 

23 ° 
NC 2 oO 
I 12 | 12 


ZZZ. 


= 


Neutrophiles 


3 
2 3 
NC} 22 
NC} 11 ° 
N¢ 
I 3 ° 
I 
NC ° 
I 29 
I 6 
II 3 
I 
I It 
NC 2c re) 
I Is 
I oO 
I 
I It 
I 14 0 
I I 3 
I ° 
15 13 
NC 8 
I 17 Cc 
I 7 
N( 1 ° 
N¢ 4 
N¢ I 
NC] 1 ° 
I Io 
I 3 oO 
N¢ 6 
NC} 11 ° 
2- 13 
NC 4 > 
I+ 2 
N¢ 2 


I—| 7 4 
INC I ° 
I 3 

+ 

N( 21 0 
NC} 17 ° 
I 6 ° 
INC] 25 ° 


I 23 7 | 
I 2 2 
INC] 12] o 


wn 


ZZ 


y 


AZ 


ZZZZ%ZAZ 


Lymphocytes 
2 3 t 5 I 
PELVIC AREA 
| 
N 
NC] 22 o 
11 I N 
he 5 8 
NC 3 o |NCI 1 
NC} o 1- 
I—} 1- 
2—| 29 | 10 |NC] N 
I- 6 N 
NC} 11 o 1 
I 3 I 
11 5 |NCE_N 
NC} 20 o; N 
15 o |NCI 14 
_ 6 6 NC I 
I 4 o N 
I 11 
14 N 
I 15 oj; 1-3] N 
I—| 10 5 1- 
I 15 I NCI 1- 
I I N 
I—| 17 o|1 I- 
I— 7 ° I- I- 
I 12 2|NCI 1- 
I I I N 
10 o N 
1—| 20 5 N 
I 30 |NCE N 
2—| 6 o N 
2 5 NCI N 
—| 11 
I 13 12 |NCIN 
THORACIC ARE 
I 2 1- 
1+ 2 1+] N 
I- 7 5 1- 
NC| 17} o | NCEN 
71 6|NC§1-| 
THORACIC ARE: 
NC I o 1-] 
I- N 
1- | 
| 
3~ 27 | |NC 
2] 2|NC] N 
1—| 17 | o | NCH 
2—| 6 3; 1- 
2—| 25/ 1 N 
ABDOMINAL AREA 
1—| 23 | 4] N 
2—| 2 N 
2—| 12 12 | NC I- 


Monocytes Eosinophiles 
3 4 5 I 2 3 4 
I 3 3 |NC}1—| NC 3 ° 
NC 22 o N 22 ° 
NC} 11 oj} 1-|NC| o 
NC] 8 o |NC] N 1- 8 | 
3 N |NC 3 | 
I I 1+] 
1+ NCI 1-|NC] .. | 
I—| 29 r—|NC] 29] 
I- 6 1—|NC o 
NC} 11 N |NC| ° 
I I 1 I ° 
|NC} rr | |NC 1] o 
| | 
| 
NC} 20} o | NC NC/ 2 ° 
2—| 15 1+| 2-—| 15 
I 6 6 I+ I> os 6 6 
I 4 2|NC§1-|NC 4 ° 
1 o NC] a ° 
NC} 1 o 1-INC|NC!| 14] 
I—| 15 N 15 ° 
1 o 10] o 
1+] 15 1+] 15 12 
NC] 8] 8] 
I 17 o |NCIT N [NG 17 ° 
7 6 | 1—| NC 7 ° 
r+] 12 | 12 r+] 12 
1+ 4 o 1-| 1+ 4 
I—| 1 o|1i1-}1-| 1+] 1 ° 
NC}! 20 o |NC| 20 ° 
NC} 30 N | NC 30 ° 
I- 6 1—| 6 ° 
I 5 2) 1-f 1-| 14+ 5 ° 
N¢ II o| I—| 11 
I—| ° I—§ 33 
A 
NC 4 o |NC} 1-—|NC 4 | ° 
1+ 1-—|NC 2} 
NC o|NCi 1+] 2] 2 
1+ 7 Nc| 7 ° 
17| N NC | 17 ° 
NC 71 ol rt NINC| 7 ° 
A 
NC] 1] o|NCJ1-|NC] 1 ° 
NC} 23 | o | N | NC] 23 ° 
I—| 4 Ni 4 
| 
1+] 27 | o| 2+4N 27 ° 
2 |} N I- 2 2 
NC; 17] o | N( N | 1-| 17 7 
NC] 6 N 6 ° 
NC} 25 o 25 | 12 
NC] 23 o | NC} 1-—| 23 ° 
2 o | NC} r—| NC 2} 0 
1+] 12 ° | 1—| NC} 12 | 
| 


Clinical 
Result 


Dead 
Improved 
Unchanged 
Improved 
Improved 


Unfavorable 
Unfavorable 
Improved 
Dead 
Improved 


Unfavorable 
Improved 


Dead 
Improved 


Improved 
Improved 


Improved 


Improved 
Improved 
Unfavorable 
Unfavorable 


Improved 
Improved 
Improved 
Improved 
Improved 
Unchanged 
Improved 
Dead 
Improved 
Unfavorable 


Improved 
Unfavorable 
Unfavorable 


Unfavorable 
Unfavorable 
Unchanged 


Improved 


Improved 
Improved 


Improved 
Unfavorable 
Improved 


Improved 
Unchanged 
Improved 
Improved 
Improved 


Unfavorable 
Dead 
Improved 


I 5 I i I 5 
N NC 
N N( N N¢ N I- 
NC] N NCI N 
I I+ N N¢ N 
I N¢ i+ N¢ N 
I I 1+ I I NC 
I N¢ N N¢ N NC 
N¢ N NCI N NC 
I 2 1+ I I NC 
N N “pet 
I N¢ 2+ 2 1+ iNC 
I N¢ N N¢ N 
N 2 1+ I N | 2- 
N I N I 1+ ' 
1+ NC} 1 
N N¢ NC INC 
I N¢ NC NC 
N I NC | r+ 
N¢ 1+ 
N I N¢ 
I N( N¢ 
N N¢ I+ 
N N( | 1+ 
I NC | r+ 
N I NC INC 
I 1+ I INC 
I N¢ 
I N¢ NC 
3 2+ | NC NC 
I I NC: 
N 24 
I t 2 
I 1+ 
N¢ 1+ 
I N( NC NC 
I 1+ 7 1+} 1 1+ 7 1+ I+ | 
N I N | N( 17 o | N( | | NC 
N I N NC | 
NC] N NC INC 
N N¢ 1+ I | 
I NCI N I 
N I N N( 
I I 1+ re 
NC] N N¢ INC 
NC] N NC 
|NC 
I N¢ NC I | I? 
N NC NCi_ N NC 
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TABLE I (Continued) 
Amount of Dura- Number] Total ‘alle 
Treatment tion Anti Pre- of Number —_ Red Blood Cells 
Number Agel Sex fRace Diagnosis Radi-|Treat4 Irra- | Counts Series 
Total Therapy Se- 
- um in | ment: diation per per sles I 2 3 4 5 
mg-hr.j Days Series | Patient ; 
52 401M 4B Gastric hyperacidity 3200 25 ° No 17 I I N |NC/ 16] o | NC 
Duodenal ulcer | 
$3 60 | M | W {| Carcinoma of stomach, 3875 27 ° No 9 I I I-| 1- I 
with liver metastases 
54 so | M | W | Banti’s disease 4075 22 L.E. B.T No 34 I I N | 2-—| 34 7 |NC 
55 ss F W Carcinoma of stomach 5075 29 ° No 7 I I N | NC o | NC 
56 F W Carcinoma of stomach 5g00 2 ° No 5 I I N | NC o | NC 
57 68 | M W Carcinoma of stomach 8Q00 71 No 16 I I 2—| 14+ 
58 390 | M | W J Carcinoma of stomach 9450 7 L.E. No 15 I I Ni r-| r{ r|NC 
59 65 | F W | Fibrosarcoma of lum- | 1oroo 2 ° No 6 I I N{|NC] 3] o | NC 
bar area | 
6o(so) | 64 | M | W | Carcinoma of stomach | 11900 39 B.T No 4 2 I N |NC\irg | oO | NC 
HEAD AREA 
61 (63) 1345 F B | Carcinoma of nasal 1675 30 L.E No 7 2 I r—|NC|] 4 oj} 1+ 
sinuses; metastases 
to cervical glands 
62 st |} M |W] Carcinoma of nasal 2050 23 ° No 9 I I | 3- 4 2 
sinuses 
63(61) } 18 | F B | Carcinoma of nasal 3800 22 L.E Yes 4 2 2 NC I o | NC 
sinuses; metastases | 
to cervical glands | 
64 (66) 244541MiIW Sarcoma of maxillary 4268 34 ° No 5 2 I r—| NC o |NC 
sinus 
65 (69) 5 | M W Brain tumor 5100 44 ° Yes 9 2 2 N | NC] 14 o |NC 
66(64) 24 M | W | Sarcoma of maxillary 5200 28 ° Yes 7 2 2 N | NC 4 o | NC 
sinus | 
67 st} M | Carcinoma of nasal 6350 35 No I I NC o |NC 
sinuses; metastases | 
to brain | | 
68 37 1M TW Carcinoma of maxillary 6500 23 ° No 10 I I INC!] 11 | o |NC 
sinus 
69(65) 5s | M W Brain tumor 7000 54 ° No 19 2 I NC] 13 o | 
70(72) ssi MIB Sarcoma of mandible 7900 862 28 L.E. No 8 2 I 1—-|NCi 3 o | NC 
71 30 | M | W J Sarcoma of maxillary | 10000 33 ° No 8 I I N |NC] .. | o | NC 
sinus | 
72(70) 5 MiB Sarcoma of mandible 10450 46 L.E. Yes 8 2 2 1—|NC 3 o |NC 
73 16 | M | W | Brain tumor 10950 45 ° No 6 I I 2—| 14] . | os LEW 
74 47 1 M { W { Brain tumor 11250 43 ° No 5 I I N|NC| 4 o | N( 
75 35 | M W Brain tumor 12200 39 ° No 10 I I N 5 | o | NC 
76(78) 24 | M § W § Brain tumor 12525 43 L.E No 10 2 I N | 1—| 12 o |NC 
77 69 | M f W | Carcinoma of orbit 12550 39 ° Yes II I I N ‘Boe I- 
78(76) 24 | M | W | Brain tumor 13700 32 ° Yes 10 2 2 Nii1-| 2 2|NC 
79 33 | M W Brain tumor 14100 57 ° No 10 I I N | NC o|NC 
80 4t | M | W f Brain tumor 14275 42 ° No 5 I I N |NC}] o| o | NC 
81 36 | M § W 6 Brain tumor 16500 63 ° No 12 I I 1—-|NC| 4 o |NC 
NECK AREA 
82 1 } M j W | Retropharyngeal ab goo 9 ° No 7 I I N INC] 3] © |NC 
scess (s) 
83 444MUB Hyperthyroidism 1000 6 ° No 7 I I N |NC!] 9] o| 1— 
84(85) 2s 4 F W | Hyperthyroidism 1000 7 ° No 9 2 I N | NC s o |NC 
85(84) | 25 | F W | Hyperthyroidism 1000 7 ° Yes 3 2 2 N | NC] 15 o |NC 
86(87) | 27 | M | W | Hyperthyroidism 1000 8 ° Yes 6 2 2 N | NC} 12 o | N¢ 
87(86) | 27 | M | W | Hyperthyroidism 1050 7 ° No 8 2 I N |NC] 6 o | NC 
(s) 
88 11 | M | W § Cervical adenitis 1420 25 ° No 4 I I N N(¢ 6| o | NC 
(s) | | 
89 s4 1 M | W I Carcinoma of larynx 1850 19 ° No 9 I I N I—| 3 | I i Be 
go 7s | F W |} Carcinoma of thyroid 2400 9 ° No 10 I I N |NC| 6] o | NC 
QI 60 | M | W § Carcinoma of larynx 2700 1s ° Yes 5 3 2 a 1+ 3 o| 14 
92 ss | F W | Metastatic carcinoma off 2800 32 ° Yes 22 I I N |NC] 27] o N¢ 
cervical gland (s) 
03 60 | M | W § Carcinoma of larynx 3200 24 ° Yes Ir 3 3 N oo) 8 I- 
(91; 99) } 
04 so | F W | Parotid tumor 3600 25 ° No 6 I I N N¢ 4 o |NC 
9S 74 1M § W | Metastatic carcinoma 3725 16 ° Yes 4 I I N | 1-!| 19 | 19 |NC 
96 sr | F B | Carotid body tumor 3874 25 ° Yes 19 I I N | NC} 26 o | N¢ 
97(102)] 60 | F W | Carcinoma of tonsil 3900 31 ° Yes 4 2 2 N |NC| 12] o | NC 
o8(100) s2 | M | W | Carcinoma of larynx 5000 27 ° No 13 2 I I- NC 9| o| N¢ 
99 60 | M | W §| Carcinoma of larynx 5000 32 ° Yes 14 3 I 1—|NC | 9 o |NC 
(91; 93) 
100(98) 52 | M I W | Carcinoma of larynx 5100 20 ° Yes 3 2 2 c=) 24 s+ 
101 75 | M | W § Carcinoma of larynx 6458 42 ° No 6 I I I- NC 1} o | NC 
102(97) 60 | F W f Carcinoma of tonsil 6750 22 ° No 9 2 I N | N¢ 4| o| NC 
103 62 | M | W § Carcinoma of pharynx 6950 29 ° No 16 I I 1—| NC} 20 o|1+ 
104 68 | M | W | Carcinoma of tonsil 7150 30 L.E. No II I I Nj 1 7 I- 
105 22 | M § W § Sarcoma of hypo- 8050 51 ° Yes 14 I I N | 2-| -4 2— 
pharynx = 
106 62 | M | W § Carcinoma of hypo- 8600 49 L.E. No 14 I I 1—-|NCi 15 | © | 14 
pharynx 
107 390 | F W | Carcinoma of larynx 8750 51 L.E. No 19 I I N I-| 14 gi 3- 
108 s3 MiB Carcinoma of larynx 42 ° No II I I 4 4 | 
109 61 | M | W | Carcinoma of thyroid 9950 50 ° No 19 I I N ii ¥ 6|1- 
(s) | | 
EXTREMITIES 
110 F | W Myosarcoma of thigh | g100 1 36 | ° 1 No II I I r—| 1+] 3] | r+ 
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TABLE I (Continued) 


Hemoglobin Neutrophiles Lymphocytes Monocytes Eosinophiles 
- — Clinical 
Result 
1 ? 3 4 5 I 2 3 r 5 I 2 3 r 5,1 2 3 4 5 I 2 3 4 5 
NC} 16 I 16 | 3 | 1-—! 16 | 1-! 16 I 1—] NC) 16 o | Unchanged 
I I o | NCI N | NC o |NC} 1-| 1 1-| 1+ . | Dead 
I 2 34 5 2—| 34] 5 | 3 34 |NCI_N | 34 3| NCEN | 1 34 | 5s |NC]_ Improved 
I o|/NC] N{|NC| ..| o | NCE 2 2-1 N | NC | Improved 
Ni 1 o | NCI N |NC o|NC]TN/1 o 14 1-|NC . | o | NC] Unfavorable 
3—| 1+ 3 1+} r+) 1 3 I N | 2 3 N | 1-4 3 o 14+ 3 2|1+4 Unfavorable 
I N¢ I o|NC] N/1 I | 3 I 1+ I Ni 1-| 1 . | Unfavorable 
N | NC N | N¢ 3} o | 14 3 o | NC} 1-—| N¢ 3 o} 1-|NC 3 | o Improved 
| 
I NC| 14 o | N¢ N 14 | 14 |NCUN I N |NC\| 14 o |NC§N 14 o|1—§ Improved 
HEAD AREA 
N¢ o| r+) 3+|1 1 o|1-] o|NC]N|NC] 4 o|1 4] |NC] Unfavorable 
I I 4 2-3 1 4 | NC r+/ 1 4 4 |NCEN |NC 4| 0 | NC Dead 
I I 2 I 2 I t I—| 1+ I | 1-| NC I o |NC] Unfavorable 
I N | N¢ o |NCTN|1 N | N¢ o |NC N¢ o | Improved 
I NC | 14 1+) 14 7 |INCEN 14 o N I 14 N |NCi14 o | Improved 
I NC 4 o 1 1+ 4 4 | 1- 4 | NC I 1+ 4 1-| 14+ 1+} Improved 
I NCI N | o |NC] N |NC o N |NC | o |NCEN | 1- . | Unfavorable 
Nj 1 rr | | I N |NC} 11 | o | N¢ Nit 11 I- I—| 11 1-|NC} o | NC Improved 
| | 
I NC! 13 o | N¢ Nit 13 9 | 1-1 N | NC 13} o |NCE Nit 13 9 |NC}N/|1-| 13] Improved 
I 3 o | 2+} 2 3 N | 3 o |NCT N/1- 3 3 1-| 14+ 3 | | Improved 
I r+] N | N¢ Nj} o | NC} 1-—| NC | o |NCI N |NC] Improved 
| | | 
| } | | | | | 
1—| 3 NC] N | N¢ o |NCIN |N¢ 3 o |NC]N/1 3 o |NC] N/1-| Improved 
2 1+ I I 1+ N | I- o 1-| 14 N 1- | .. | Improved 
I o |NCE N | N¢ ° +fo+ | 2 4 7 2-1 N | 4 1+| 4 o Improved 
I NC 5 olr+iNit 5 INC N | N( 5} o | NC N I- 5 Ni Improved 
2 21 N |NC| 12} o |NCEN |NC/ 12 | N |NC| 12 o |NC] N 12] © | Improved 
I I 12 I N 12 o|}NCIN | 1-| 12 o | r+] 12 12 | o Improved 
2 o | N¢ N | NC 2 o |NCIN I 2 1-| 2 | Improved 
Nj 1 2 I 2 o |NCEIN 2 1+] 2 2] 1—§ Improved 
I 9 o |NCEN | 9 o |NCIN og o 1-| 9 9 |NC}N Improved 
N¢ 4 o |NC§1 2 4 o |INCEN o INCE N i 1- 4 o |NCEN 41 Improved 
NECK AREA 
I r+] 1 I 3 1—] 2+] 2 3 1+) 1-] 3 3) .. {NC} Cured 
I N¢ 9 o|1 N INC! o NIN 9 o o o| o | NC] Improved 
I N( 8 o.| N¢ I—| 1 8 NIN N |NC o 1-—-|NC 8 | Unchanged 
I NC] 15 o|NCEN | 2 15 4 | r-| 15 2 N | NC] 15 N | 1—| 15 | .. |NC]_ Improved 
I I 12 N I 12 1 | NC} 12 o 1-| r+} 12 4 |NCE N | NC} 12 | oj} t= Improved 
I N¢ 6 | N¢ N | NC 6 2 6 1-| N|1-| 6 N |NC © Unchanged 
| | | 
I N¢ 6 o|NCI 1 I 6 |} N | NC 6 NC} N 1- 6 6 | NCI 1-—| NC 6 | o | 1+4 Improved 
1—| N¢ 3 ° |NC N | NC 3 o|}NCI N | NC 3 3 3 |NC]N 3] © | Dead 
I 1+] 1 6 6 2|NC}1-| 6 1 | 1+41—-|NC| 6] o|NC] Dead 
1—| N¢ 3| o|NCEIN | NC o | NCH 1+] 3 N¢ 3| o|NCTN 3] © | NCI Unchanged 
N I 7 3 | N | NC 27 o|NCI N | 27 | N I—| 27 9 | NC | 27 ° | NC Improved 
I 8 I N | NC 8 o| 2+ N I- 8 I 1—| 14 8 8 |NCEN |NC! 8 o | Unfavorable 
I I 1+4 Nj 1- 4 4iNCIN o 1+ | 4|NCh 1+] .. | t+] Improved 
I NC} 19 {NC} 19| NC} N 19 8 |NCI] N | N¢ 19 o |NC} 1-—| NC} 19 | o Improved 
N | NC} 26 N | NC! 26 | 2—! 26 | 4 | ne 1+| 26 3 |NC}_1—|NC| 26} o | Improved 
2 1+ 9 I 2+] 2 9 | N | NC} o|NCTN o o| r+) 2—| | .. | Improved 
1 9 o |} NCE] N {NCI 9 o | Ni o| |} go} 1-| 9 | 5 | t+4 Improved 
I N¢ o |NCIN 1 | | r+iN | NC o 1+) 1- | .. | Unfavorable 
I N¢ I o |NCJ] N/ 1- I I 1-| 1+ I 1 o | NC Improved 
N | NC 4 o| N | NC 4 N |NC 4 o 4 I Ni r-| 4]. Improved 
I N¢ 20 o|NCI 20 | NC N | 20 | 19 20 3 |NCEN | NC} 20 o | Improved 
I I 7 4 |NCE Ni 1 7 Nj 2 7 4 | N | NC 7 o|1-| N|1-| 7] Unfavorable 
N 2 N 2 2+ 1-| 1 4 4 t+) 4] 1 NC} Dead 
NC] 15 NC] N 1 15 8|NCIN /1 15 15 | o| Improved 
I I 14 Nit 14 2 14 N | 14] 11 1+] 14 | 5 | 1+) Dead 
I 4 o | NCI 1+!) 3 4 N 2- 4 N |NC 4 o |NCI N 1—| 4 Unfavorable 
I I 6 | NCH 24 7 2-f Nit 7 o 7| 7 |NCEN r+! 7 o Unfavorable 
EXTREMITIES 
3] [NC] 3] 3]... 1-1] 21-1 31 .. 0 Improved 
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TABLE I (Continued) 
Amount of | Dura- Numbey Total 
Treatment tion Anti Pre- of Number yoy Red Blood Cells 
Case Acell Sex of vious Blood of 
Total : Therapy et Se 
um in} ment diation per per I > 2 
mg-hr4 Days Series | Patient 
MULTIPLE AREAS 
43 I W | Carcinoma of breast; 2000 23 Iron Yes 10 I N | o | NC 
multiple metastases B.T. L.E 
112 4s) MIUW Multiple lymphoblas 400 27 ° No 19 3 I I I 19 1|NC 
(113; 115) toma 
113 45 | M | W | Multiple lymphoblas- 5500 15 B.T. Yes 4 3 3 N( I 
(112; 118) toma 
114 42, I W Carcinoma of breast; 5500 4 ° No rs) I I I-| I 3 I 
multiple metastases 
11S 74F W Medulloblastoma 7858 25 ° No 6 I I 1—| NC 14+ 
116 3 1M | W TI Medulloblastoma gooo 73 1 B.T. No 15 I I N I 9 NC 
Feosol 
117 60 | M | W | Metastatic carcinoma | r1o1oo 39 ° No 6 I I I I I I 
of pelvis and lungs 
118 4s 1M | W | Multiple lymphoblas 11200 9 ° Yes 13 3 2 1 I 3 C I 
(112; 113) toma 
rro(t11)§ 43 UI W | Carcinoma of breast; | 12400 53 Iron Yes 13 2 2 3 
multiple metastases B.T. L.E 
120 19 I F W_} Medulloblastoma 12708 66 L.E Yes 14 I I I 7 , | NO 
able 1, there is included a large variety of Prior to the institution of therapy, one 


conditions such as constitutes the radio- 
therapeutic practice of most institutions. 
We were not so much interested in the 
character of the lesion treated as in the 
part of the body receiving the irradiation, 
since we desired to know whether the effect 
on the blood varied with the part of the 
body treated. The type of irradiation com- 
prised deep and superficial roentgen ther- 
apy and radium therapy. Eighteen patients 
received more than one series of treat- 
ments. This study, therefore, shows the 
results obtained in 120 individual series of 
treatments and will be considered on this 
basis. There were 98 series of deep roentgen 
therapy (200 kv. potential), 7 series of 
superficial therapy (125 kv. potential) and 
1§ series in which radium was combined 
with roentgen therapy. The deep therapy 
was chiefly of the modified Coutard type. 
The amount of roentgen radiation varied 
considerably, ranging from 700 to 16,500 r, 
measured in air. The combinations of ra- 
dium and roentgen therapy ranged from 
862 mg-hr. radium, 7,900 r roentgen ther- 
apy as a minimum to 9,000 mg-hr. radium, 
5,900 r roentgen therapy and 6,000 mg-hr. 
radium, 14,550 r roentgen therapy as maxi- 
mum doses. The duration of time during 
which the irradiation was administered 
varied from 5 to 186 days. These factors 
were also analyzed in respect to their in- 
fluence on the blood picture. 


or more complete blood counts were made 
on each patient. To control the effect of 
digestion and diurnal variation of the leu- 
kocytes, a morning count was made under 
basal conditions, that is, without breakfast, 
and a second count in the mid-afternoon. 
The counts were usually made the day 
preceding the commencement of therapy. 
These were followed by counts made at 
weekly intervals during and following the 
cessation of therapy and continued for a 
sufficient period of time for the blood pic- 
ture to return to its pre-irradiation state. 
All studies included red and white cell 
counts, hemoglobin determination (Haden 
method, using the Haden-Hausser hemo- 
globinometer) and a differential count of 
the leukocytes, counting 200 cells. The 
number of counts made on each patient 
ranged from 3 to 35. Table 1 gives a com- 
plete résumé of all the data analyzed in 
this investigation. 

WHAT IS THE EFFECT OF IRRADIATION 
THE RED CELL COUNT AND THE 

HEMOGLOBIN CONTENT OF 
THE BLOOD? 


ON 


There is a general impression among 
practicing physicians that radium and 
roentgen therapy is contraindicated in the 
presence of an anemia. This apparently is 
being taught in medical schools, since 
many of our post-graduate students come 
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TABLE I (Continued) 
Hemoglobin Neutrophiles Lymphocytes Monocytes Eosinophiles 
Clinical 
Result 
I 3 4 I 3 4 5 I 3 4 5 I 2 3 4 5 I 3 3 4 
MULTIPLE AREAS 
I N¢ 7 o | NC} N¢ 7 o|1 I 7 o! 2+ 1+ 7 I N 7] Unfavorable 
I NC} 19 N | NC} 109 o|NCEN/|1 19| o|NCEN | NC} 19 o |NCET N 19 o | Improved 
3 NC o|1 N | N¢ 2 o 1 NC| o| 1+ I- 2 NC 2 | o |NC] Unfavorable 
I I 3 I 3 | 2 3 3 I I NC 3 | o | NC] Unfavorable 
I I 4 NCI N | | 1+} 2 2 24 I gue] r+) 24]. I N 24 | o| Improved 
N | 2 9 1-| 1 9 o| N 3 9 NCI 1 o|1 I NC! 9 o Improved 
| 
I I I I 3 I 3 N | 3 I 2 N I I I N I- I I- Unfavorable 
NC 3 I N | N¢ o|NCI N/1 3 o|1-] Nit 3 3; NC 3 o |NC Unfavorable 
I I 3 I N | 3 4 3 N 3 3 2-1 Nj 1 3 I I 1+ 3 o |NC] Dead 
| 
I I NCI N | 1 7 3 |NCI_N 2—| 7 Ni xr—| 7 7 7 o | Improved 
to us with this definite idea. This is also tent of the blood is shown in Table u1. 


the opinion of some radiologists, since the 
statement has been made that irradiation 
should be withheld from patients whose 
hemoglobin is less than 50 per cent until 
improvement has been obtained in the 
blood picture by antianemic therapy. In 
our own practice we had never been influ- 
enced by the red cell count or the hemo- 
globin determination and felt that a sec- 
ondary anemia in itself was never a con- 
traindication to radiation therapy. 

1. Effect of Irradiation on the Red Cell 
Count. The patients studied were divided 
into two groups, those having a normal red 
cell count and those showing an anemia 
prior to the institution of irradiation. A 
count of less than 4} million for the male 
and 4 million for the female was regarded 
as an anemia. In the group showing an 
anemia, there were 36 counts between 3 to 
4 million, four between 2 to 3 million, and 
1 had less than 2 million red cells per cu. 
mm. of blood. In the entire 120 series of 
treatments, there were 30 in which a de- 
crease in the red cell count occurred either 
during or following irradiation (Table 11). 
In 19 of these, there was an increasing 
anemia which could be directly attributed 
to the patient’s disease, the course being 
unfavorable, with death occurring in 14 
instances. 

2. Effect of Irradiation on the Hemoglobin 
Content. The effect on the hemoglobin con- 


Normal hemoglobin was considered as 14- 
18 grams per 100 cc. of blood for the male 
and 12-15.5 grams for the female. It is 
interesting to note that in 94 series the 
hemoglobin content was below normal 
while the red cell count was abnormally 
low in only 41 instances, thus indicating a 
distinct tendency to a microcytic hypo- 
chromic anemia. This is the type of blood 
picture commonly observed in cancer, the 
majority of the cases studied being of this 
character. In 39 series there was a decrease 
in the hemoglobin content during irradia- 
tion, the majority being of slight degree; 
18 of these had a hemoglobin content below 
normal before irradiation was started, in- 
dicating that some factor was already op- 
erating to decrease the hemoglobin. In 16 
instances the decrease in hemoglobin was 
due to the patient’s disease, as all showed 
a downward trend with the majority termi- 
nating fatally. It is interesting to note that 
in the remaining 23 of the 39 series there 
were 17 females. Women show a greater 
tendency to an abnormally low hemoglobin 
content than do men. It is also of interest 
that in this group of 23, there were 10 with 
carcinoma of the uterus, a condition in 
which a low hemoglobin is of common oc- 
currence. 

It will be noted that in the majority of 
patients there was no change in either the 
erythrocytic count or the hemoglobin de- 


242 


Karl Kornblum, Fred Boerner, and Samuel G. Henderson 


FEBRUARY, 1938 


Taste II 


EFFECT OF IRRADIATION UPON THE RED CELL COUNT; ANALYSIS OF 120 SERIES OF TREATMENTS (100 PATIENTS) 


| Number 


Condition at Effect during Irradiation | Effect at End of Follow-up Period 

Beginning of of 

| Irradiation: | Series Increase N Decrease Increase N Decrease 

Red Blood Cells 120 2+) 3+ Effect I 2—| 3-| I+| 2+| 3+ Effect I 2 3 - 
Normal group 79 54 |20 |5 |o |o Jo Jo 64 4 |0 
Anemia group 41 | o 244614/!1 Oo |14 1 jo | a1 4 I 


1+ =Slight increase, up to 1 million cells above pre-irradiation level 
2+ = Moderate increase, between 1 to 2 million cells above pre-irradiation level 
3+ =Marked increase, more than 2 million cells above pre-irradiation level 


1 — =Slight decrease, less than 1 million cells below pre-irradiation level 
2— = Moderate decrease, between 1 to 2 million cells below pre-irradiation level 
3 


— = Marked decrease, more than 2 


termination either during or after irradia- 
tion. In the majority of instances in which 
there was a decrease of either the red cells 
or hemoglobin the change was of minor 
degree. In those patients showing a progres- 
sive anemia, the clinical course of the dis- 
ease was unfavorable, terminating fatally 
in most instances. During the early part of 
this study, it was our practice to institute 
antianemic therapy in the form of bed rest, 
blood transfusions, liver and iron therapy 
in all patients showing a moderate second- 
ary anemia. The improvement to be noted 
in the blood picture in some cases of this 
study is to be attributed to this fact. Later 


million cells below pre-irradiation level 


in the investigation, antianemic therapy 
was purposely withheld unless the anemia 
was of a severe grade. This was done for 
the purpose of noting whether the anemia 
would increase or decrease under irradia- 
tion. There was no instance of an increasing 
anemia as the direct result of radiation 
therapy. In some conditions characterized 
by hemorrhagic tendencies, particularly 
carcinoma of the uterus, the cessation of 
bleeding as the direct result of irradiation 
produced a beneficial effect on the anemia. 

Summary. These studies would seem to 
indicate that irradiation as employed 
therapeutically has no significant effect on 


TasBce III 


EFFECT OF IRRADIATION 


UPON THE HEMOGLOBIN CONTENT; 


ANALYSIS OF I20 SERIES OF TREATMENTS 


(100 PATIENTS) 


Condition at | Number Effect during Irradiation 

Beginning of of | a 

Irradiation: | Series Increase | : 

Hemoglobin | 120 1+] 2+/ 3 +| Effect 
Normal group 26 |o | o lo | 5 
Hypochromic group | 94 \14 | e) I | 61 


Effect at End of Follow-up Period 


Decrease | Increase | .. Decrease 
__| No 
Effect 
1—| 2—| 3-| 2+] 34 1—| 3- 
|3 |o | |o | 9 |2 
116 |2 |o 19 | }o | § 13 3 


1+ =Slight increase, up to 3 grams above pre-irradiation level 
2+ = Moderate increase, between 3 to 6 grams above pre-irradiation level 
3+ = Marked increase, more than 6 grams above pre-irradiation level 


1 — =Slight decrease, less than 3 grams below pre-irradiation level 
2— = Moderate decrease, between 3 to 6 grams below pre-irradiation level 
3 — = Marked decrease, more than 6 grams below pre-irradiation level 
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TABLE IV 


NORMAL RANGE 


Examination 


Normal Range 


Hemoglobin (male) | 14-18 gm. (80-105 
per cent) per 100 
cc. of blood 

12-15.5 gm. (70-90 

per cent) per 100 
cc. of blood 

4.5 to 6 million 

4 to §.5 million 

4 to 11 thousand 


Hemoglobin (female) 


Erythrocytes (male) 
Erythrocytes (female) 
Leukocytes 


NORMAL RANGE OF LEUKOCYTES 


Over 5 


3 Months 

to 3 30S | Years and 

Years Years Adults 
Neutrophiles 12000 700013000 8000] 3000-7000 
Basophiles |. | o-50 | 50 
Eosinophiles 25-700 | §0-700 | 50-400 
Lymphocytes 4000-g000| 2 500-6000 | 1000-3000 
Monocytes 25-700 | 25-700 | 100-600 


either the red cell count or the hemoglobin 
content of the blood; that anemia, regard- 
less of its severity, is not a contraindication 
to irradiation and that antianemic therapy, 
while indicated as far as the patient’s gen- 
eral condition is concerned, need not be 
given with the thought of preparing the 


patient for or to withstand radiation 
therapy. 


the Normal Blood Cells 43 
WHAT IS THE EFFECT OF IRRADIATION 


THE LEUKOCYTES? 


ON 


In considering the state of the blood, too 
much attention is given to the total leuko- 
cyte count. This is often a source of error 
and may give an erroneous idea as to the 
true condition of the blood. Of far more 
importance is the actual number of each 
type of cell present, namely the differential 
count, since one is more interested in know- 
ing whether a neutrophilia exists than 
whether there is a leukocytosis. Further- 
more, the differential count should be ex- 
pressed in actual numbers rather than per- 
centages. The percentage method requires 
further calculation for one to be certain 
whether any particular type of cell is ac- 
tually increased or decreased in number. In 
this study, it was found that the neutro- 
phile count practically paralleled the total 
leukocyte count. For this reason and more 
particularly because we were interested in 
the effect of irradiation on the various 
types of leukocytes, little attention was 
given to the total numbers and no data are 
included on the total leukocyte count. 
Table 1v gives the normal values for the 
different leukocytes at various ages. 

I. Effect of Irradiation on the Neutro- 
philes. In Table v is shown the effect of 
irradiation on the neutrophiles. The nor- 
mal neutrophile count ranges between 3 
and 7 thousand per cu. mm. of blood. It is 


TABLE V 


EFFECT OF IRRADIATION UPON THE NEUTROPHILE 


COUNT; ANALYSIS OF 120 SERIES OF TREATMENTS 


(100 PATIENTS) 


Condition at | Number Effect during Irradiation | Effect at End of Follow-up Period 
Beginning of of — 
Irradiation: Series Increase | Decrease | Increase | Decrease 
Neutrophiles 120 1+| 2+ 34) 1+ 3+ Effect | ;_| 3- 
Normal group 83 6 I ei 2 26 | 2 1 | 6 | 4 | 0 67 4 I I 
Neutropenia group 12 | 4 3 te | | 6 ° 4 I | 0 


With reference to pre-irradiation level: 


1+ =slight increase 
2+ =moderate increase 
3+ =marked increase 


= slight decrease 
= moderate decrease 
= marked decrease 


> 
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TABLE VI 


EFFECT OF IRRADIATION UPON THE 


LYMPHOCYTE COUNT; 


ANALYSIS OF 120 SERIES OF TREATMENTS 


(100 PATIENTS) 


Condition at Number | Effect during Irradiation Effect at End of Follow-up Period 
Beginning of of — — 
Irradiation: Series | Increase ‘ Decrease Increase | ,.. | Decrease 
Lymphocytes 120 1+| 2 | 3+ Effect) ;_| 1+ 3+ Effect) ;_| 4- 3- 
| | 
Normal group | 98 |o | | o 26 |18 | 5 | | 68 
Lymphocytosis group 7 |o |o 2 3 2 | 4 I 


With reference to pre-irradiation level: 


generally stated that irradiation tends to 
lower the number of neutrophiles in the 
circulating blood. We were somewhat sur- 
prised to find that in nearly one-half of our 
cases there was no significant change in the 
neutrophile count. While in slightly more 
than half of the series there was a decrease 
in number, this usually was only of slight 
degree. In but 7 series of treatments did the 
count fall below 2,000 cells per cu. mm. In 
25 cases there was a neutrophilia prior to 
irradiation, which, in 22 instances, was 
obviously due to inflammation. In these 
22 cases, with few exceptions, the most 
marked drop occurred in the neutrophile 
count, this being due in many instances to 
an improvement in the inflammatory proc- 
ess. In most cases, no special therapeutic 
measures were directed toward these in- 
flammatory lesions. The improvement can 
be attributed, in a large measure, to the 
beneficial influence of irradiation on inflam- 
matory tissue. It need hardly be mentioned 
that, with gross infection, the irradiation 
was given with caution until the infection 
had been brought under control. These 
cases of neutrophilia also tend to show that 
with an increased number of leukocytes in 
the circulating blood, there is also a greater 
depression of the leukocyte count by irra- 
diation. The occurrence of a neutropenia 
in 12 cases is somewhat more difficult to 
explain. Four of these patients had had 
previous irradiation within three months 


1+ =slight increase 
2+ =moderate increase 
3+ =marked increase 


1 — =slight decrease 
2— =moderate decrease 
3 — =marked decrease 


prior to our study of their blood picture. 
This fact is no doubt responsible for the 
neutropenia in these cases. About half of 
the neutropenias showed an increase in the 
number of neutrophiles while under irra- 
diation. 

The general effect of therapeutic irradia- 
tion on the neutrophile count is a slight de- 
pression. The count seldom falls below 2,000 
cells per cu. mm. of blood. This effect is ap- 
parently not universal, however, since in 
many patients the neutrophile count shows 
no significant change whatever. 

2. Effect of Irradiation on the Lympho- 
cytes. The normal lymphocyte count ranges 
between 1 and 3 thousand cells per cu. mm. 
of blood. As indicated in Table vi, the 
majority of the patients had a normal lym- 
phyocyte count prior to treatment. This is 
in contrast to the number showing a nor- 
mal neutrophile count (see Table v). It is 
seen that the incidence of leukocytosis, in 
the group of cases studied, affected almost 
exclusively the neutrophiles, tending fur- 
ther to indicate that the neutrophilia ob- 
served was a manifestation of an inflamma- 
tion. The number of cases showing a 
lymphopenia (15) was approximately the 
same as the number having a neutropenia 
(12). There was, however, no definite rela- 
tionship between these cases, a few having 
a neutrophilia had a lymphopenia, and 
vice versa. As shown in Table v1, there was 
a decided depression of the lymphocyte 
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count in the majority of cases, only 29 
showing no change, while 4 showed a slight 
increase and one a moderate increase. The 
drop in the lymphocyte count in most in- 
stances was of slight degree, only 31 show- 
ing a decrease below 500 cells. This, how- 
ever, is approximately 4 times the number 
of cases showing a similar depression of the 
neutrophiles. 

The effect of therapeutic irradiation on the 
lymphocytes is a definite decrease in their 
number in the majority of cases. In most of 
these the drop was slight in degree, the count 
ranging between 500 and 1,000 cells. A few 
(27) showed a drop between 200 and 500, 
while in 8 instances the count was below 200 
cells per cu. mm. 

3. Effect of Irradiation on Monocytes, 
Eosinophiles and Basophiles. The normal 
range of monocytes for an adult is 100 to 
600 cells per cu. mm. of blood, the eosino- 
philes range between 50 to 400, while the 
basophiles may number from o to so. The 
basophiles were so few in number and so 
variable that no correlation could be ascer- 
tained. For this reason, it seems inadvis- 
able to consider them further. The effect of 
irradiation on the monocytes and eosino- 
philes was approximately the same for the 
two types of cells (Tables vir and viii). 
About half the cases showed no appreciable 
change as the result of irradiation. Of the 
remaining half, the majority presented a 
slight decrease, while a few showed a slight 
increase between 600 to 1,000 for the mono- 
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cytes and 400 to 800 for the eosinophiles. 
The significance of these changes is, of 
course, open to question, since the rela- 
tively small number of these cells in the 
blood and their marked fluctuation under 
normal conditions makes the accuracy of 
their quantitative determination difficult. 

The effect of irradiation on the monocytes 
and eosinophiles 1s apparently to cause a 
slight decrease in number. This effect, how- 
ever, 1s not a constant one. 

Summary. The effect of irradiation on 
the leukocytes is to produce a general re- 
duction in numbers. This was by no means 
constant or to the same extent in all cases. 
This general reduction in numbers affected 
all of the various types of cells but was 
most marked on the lymphocytes. The 
neutrophiles next showed the greatest 
effect while the monocytes and eosinophiles 
were least affected. This general reduction 
in numbers was of only slight degree in 
most instances. Only in the case of the 
lymphocytes was the decrease in the num- 
ber of cells at all marked. 


HOW IS THE EFFECT OF IRRADIATION ON 
THE LEUKOCYTES INFLUENCED BY THE 
PART OF THE BODY TREATED, THE 
AMOUNT OF IRRADIATION 
AND THE DURATION 
OF TREATMENT? 


In regard to the part of the body irradi- 
ated, the cases were grouped according to 
whether the irradiation was directed to the 


TaB__e VII 


ANALYSIS OF 120 SERIES OF TREATMENTS 


(100 PATIENTS) 


EFFECT OF IRRADIATION UPON THE MONOCYTE COUNT; 
Condition at Number Effect during Irradiation 
Beginning of of 
Irradiation: Series Increase ; 

No 
| Effect 

Monocytes 120 r+) 2+) 3+ 

Normal group 68 3 |o |o 26 

Monocytosis group 6 o |o |o ° 

Monopenia group 46 \32 |o |o 14 


With reference to pre-irradiation level: 


1+ =slight increase 
2+ =moderate increase 
3+ =marked increase 


| Effect at End of Follow-up Period 


Decrease Increase , Decrease 
No | J 
39 fe) fe) fe) 38 lo lo 
4 2 re) oi © 
I fe) 22 | fe) re) fe) 


1— =slight decrease 
2 — =moderate decrease 
3 — =marked decrease 
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Taste VIII 


EFFECT OF IRRADIATION UPON THE EOSINOPHILE COUNT; ANALYSIS OF 120 SERIES OF TREATMENTS 
(100 PATIENTS) 


Condition at Number Effect during Irradiation Effect at End of Follow-up Period 
Beginning of of 


Irradiation: | Series Increase Decrease Increase Decrease 
Eosinophiles | 120 I+] 2+ 3+ Effect I 2—| 3-| 24+) 3+) I 2 
| | | 
Normal group 58 I |}o | 0 32 |25 | o | 17 | O 
Eosinophilia group 3 | Jo lo |o |o Jo o |o 
Eosinopenia group | 59 22 |o |o | 37 Jo |o jo 34 | o 
With reference to pre-irradiation level: 1+ =slight increase 1 — =slight decrease 
2+ =moderate increase 2 — =moderate decrease 
3+ =marked increase 3 — =marked decrease 


pelvis, abdomen, chest, neck, head and a 
miscellaneous group including patients re- 
ceiving irradiation over more than one part 
of the body. Only one patient received ir- 
radiation to an extremity. There was very 
little difference in the effect on the leuko- 
cytes noted according to the part of the 
body treated, with the exception that the 
effect was somewhat less when irradiation 
was directed to the head and neck, espe- 
cially as regards the neutrophiles. There 
seemed to be a greater depression of the 
lymphocytes when treatment was given 
over the stomach, spleen, and liver, but in 
this group there were a number of cases of 
carcinoma of the stomach which did not 
do well clinically and whose general blood 
picture was unsatisfactory. It cannot be 
stated definitely, therefore, that the effect 
on the lymphocytes in these cases was 
necessarily the result of irradiation. The 
size of the areas treated might be expected 
to influence the effect of irradiation on the 
white cells. This seemed to be true in sev- 
eral patients in whom irradiation was con- 
fined to a small area. There was no effect 
on the leukocytes in these patients. This 
is probably also the reason that the effect 
of irradiation was somewhat less when 
treatment was given over the head and 
neck, the areas necessarily being of small 
size. 

One would rather expect that the amount 
of irradiation would influence the effect on 


the leukocytes, yet there appeared to be 
no definite relationship between the total 
dosage and the leukocytic response. The 
total dose per single treatment ranged be- 
tween 100 and 800 r. While there were only 
7 series of superficial therapy, these showed 
as much effect on the leukocytes as did the 
deep therapy series. Even in those patients 
who received both roentgen and radium 
therapy the effect on the leukocytes was 
quite variable and apparently not related 
to the amount of radiation received. It 
would seem that experimentally, with all 
factors under control, one would find a 
definite relationship between the amount 
of radiation and the effect on the leuko- 
cytes. Under clinical conditions, however, 
where so many uncontrollable factors exist, 
this relationship is not apparent. 

The relationship of the period of time 
during which radiation was administered 
and the effect on the leukocytes also 
showed considerable variation. The dura- 
tion of treatment in this study ranged from 
5 to 186 days. This prolonged treatment 
series of 186 days was in an ambulatory 
patient with carcinoma of the cervix, who 
was treated first with radium, 3,900 mg-hr., 
followed by roentgen therapy. She was un- 
able to come for treatment oftener than 
once each week, receiving 800 r each visit. 
The total roentgen therapy was 13,950 r. 
In spite of the prolonged period of therapy, 
she showed only a very slight decrease in 
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her lymphocytic count, which had returned 
to its pre-irradiation level by the time the 
series of treatments was completed. In 
general, no constant relationship between 
the duration of therapy and the effect on 
the leukocytes could be determined. 
Summary. There are so many factors in- 
fluencing the number of the various leuko- 
cytes, such as infection, the nature of the 


lesion being treated, the clinical course of 


the disease and individual susceptibility to 
irradiation, that it is extremely difficult to 
arrive at an accurate analysis of the influ- 
ence of such factors as the part of the body 
irradiated, dosage and duration of treat- 
ment on the effect of irradiation on the 
leukocytes. In this investigation, no defi- 
nite or constant relationship could be de- 
termined between these factors and the 
effect on the leukocytes, with the exception 
that therapy over the head and neck ap- 
peared to have less effect than irradiation 
elsewhere. This may be related to the size 
of the areas treated, since it seems that the 
smaller the portals, the less the effect pro- 
duced on the white cells. 

WHAT PERIOD OF TIME IS REQUIRED FOR 
THE LEUKOCYTES TO RETURN TO THEIR 

PRE-IRRADIATION COUNT? 


Having determined that irradiation pro- 


duces a general reduction in the number of 


leukocytes in most patients, we were in- 
terested next to know how permanent is 
this reduction and how long is required for 
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the count to return to its pre-irradiation 
level. There was found considerable varia- 
tion in the time required for recovery to 
occur. It was difficult to establish the pre- 
cise time, since considerable fluctuation oc- 
curred from week to week until the pre- 
irradiation level had been re-established. 
Therefore, the figures given are only ap- 
proximate. The lymphocytes, as a rule, 
showed slightly more rapid return than the 
neutrophiles. In many instances, the lym- 
phocytes had recovered at the end of the 
first week. The longest period required was 
nineteen weeks with a general average of 
4.9 weeks. The shortest period required for 
the neutrophiles to recover was one week 
in 2 patients, the longest period was twenty 
weeks, with a general average of 5.5 weeks. 
The monocytes required an average of 4.5 
weeks and the eosinophiles 5.3 weeks for 
recovery to occur. It is interesting to note 
that the average time for recovery was 
approximately the same for the various 
types of leukocytes, namely five weeks. In 
general, a persistent neutropenia or lym- 
phopenia occurred in patients whose clini- 
cal course was not satisfactory from the 
standpoint of their primary lesion. The 
lymphocyte count was somewhat more sen- 
sitive in this respect. 

Summary. In this series of cases an aver- 
age period of approximately five weeks 
was required for the various leukocytes to 
return to their pre-irradiation level. We 
consider eight weeks the maximum period 


TABLE IX 


EFFECT OF LIVER EXTRACT IN PREVENTING IRRADIATION LEUKOPENIA 


Effect during Irradiation 


Average Average 
Amount | Duration Neutropailes Lymphocytes 
of of | | 
Therapy | Therapy | No No 
_Increa Effect | ecreased| Increased Effect Decreased 
Liver extract group | | od 
Ig patients g604 r | 54 days 2 | IO ce) 5 14 
| | | 
Control group | 
1g patients | 8872 r | 4! days I I 3 15 


+ 
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TABLE X 


EFFECT OF IRRADIATION UPON THE BLOOD COUNT 


Counts above Normal 


| At end 


Normal Counts Counts below Normal 


At end 


At onset) Follow- of fol. | At onset! Follow- of fol. | St onset Follow- of bi 

of | ‘de low-up of irra- | low-up h of de | low-up 
apy apy apy 

erapy | diation period therapy | diation | period | therapy | diation period 
Red blood cells 79 64 75 41 56 45 
Hemoglobin 26 12 19 94 108 101 
Neutrophiles 25 12 18 83 69 go 12 39 12 
Lymphocytes 7 ° 4 98 35 80 1§ 85 36 
Monocytes 6 3 4 68 62 65 46 ys cI 
Eosinophiles 3 I ° 58 $4 43 $9 65 77 


for recovery to occur. A persistent leuko- 
penia beyond this period is suggestive of 
an unfavorable prognosis. 


CAN IRRADIATION LEUKOPENIA 
BE PREVENTED? 

For the past two years we have been us- 
ing intramascular injections of liver extract 
in the treatment of irradiation sickness. In 
some instances, it has been started at the 
beginning of therapy, for the purpose of 
preventing this disturbance. It was thought 
that those patients receiving liver extract 
might not develop an irradiation leuko- 
penia, since it is known that liver has a 
stimulating effect on the leukocyte count. 
Nineteen patients received daily intra- 
muscular injections of 2 cc. of liver extract 
during the period of irradiation. The po- 
tency of the liver extract was such that 20 
cc. represented the amount extracted from 
100 grams of fresh liver. As controls, 19 
patients were selected who received no 
liver extract. These cases were selected on 
the basis of the part of the body treated, 
the amount and duration of irradiation 
corresponding closely to the same factors 
in the case of the patients who received 
liver therapy. Thus the two groups of cases 
were quite comparable. As indicated in 
Table 1x, the depressing effect of irradia- 
tion upon the leukocytes was just as great 
in the patients who received daily injec- 
tions of liver extract as in those who did 
not receive liver. 


Summary. Daily intramuscular injec- 
tions of 2 cc. of liver extract (potency as 
noted above) were unsuccessful in prevent- 
ing the depressing effect of irradiation on 
the leukocyte count. 


WHAT EFFECT DOES IRRADIATION 
LEUKOPENIA HAVE ON 
THE PATIENT? 

Of practical importance is the question 
as to whether or not irradiation leukopenia 
has any deleterious effect on the patient. 
In our experience, clinical observation of 
irradiated patients has shown no signs or 
symptoms that can be attributed to irra- 
diation leukopenia. As far as can be de- 
tected clinically, the general health of these 
individuals is not in any way impaired. 
Since one of the chief functions of the leu- 
kocytes, particularly the neutrophiles, is 
to combat infection, the question has nat- 
urally arisen as to whether or not irra- 
diation leukopenia predisposes an individ- 
ual to infection or prevents a patient from 
adequately combatting an infection. We 
have not observed a greater incidence of 
infection among irradiated individuals nor 
a greater morbidity when infection occurs. 

To determine the state of the leukocyte 
count in irradiated individuals who showed 
evidence of infection prior to or developed 
an infection during irradiation, a group of 
13 cases was analyzed. In all there was 
an elevation of temperature as well as clini- 
cal evidence of infection. The observations 
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of the leukocyte count were made during 
the period of fever (Chart 1). Those pa- 
tients in whom there existed an infection 
prior to the onset of irradiation showed a 
leukocytosis commensurate with the de- 
gree of infection. With the beginning of 
irradiation, there was a prompt drop in the 
number of leukocytes, this being propor- 
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Summary. These observations would ap- 
pear to indicate that infection does not 
prevent the depressing effect of irradiation 
on the leukocyte count. Of more impor- 
tance is the fact that the blood under the 
influence of irradiation is capable of re- 
sponding to an infection. From clinical ob- 
servation, irradiation leukopenia has no 
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(a) 


NEUTROPHILES INDICATES BEGINNING OF IRRADIATION 


= LYMPHOCYTES 


¢ INDICATES ENDING OF IRRADIATION 


+—> INDICATES PERIOD OF INFECTION 


Cuart 1. The effect of infection on the blood of irradiated patients. 
(a) Infection prior to therapy does not prevent the depressing effect of 
irradiation on the leukocyte count. (4) Showing leukocytic response to 
infection occurring during irradiation. (c) Irradiation leukopenia after 
therapy does not prevent increase in the leukocyte count when infec- 


tion occurs. 


tionately greater than occurs in irradiated 
individuals having a normal leukocyte 
count. In those patients developing infec- 
tion during irradiation or during the period 
of post-irradiation leukopenia there was a 
definite increase in the leukocytes as the 
result of the infection. The neutrophile and 
lymphocyte response paralleled that of the 
total leukocytes. 


detrimental effect on the general health of 
the patient. 
CAN THE LEUKOCYTES WHILE UNDER 
THE INFLUENCE OF IRRADIATION 
BE INCREASED IN NUMBER? 
To determine whether the leukocytes 


under the influence of irradiation are ca- 
pable of responding to stimulation, a series 


25.0 
26.0 
15.0 
15.0 
10.0 : 
t 
(c) 
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of experiments was conducted with intra- 
venous and intramuscular injections of 
liver extract and intravenous injections of 
typhoid vaccine. 

(a) Leukocytic Response to Injections of 
Liver Extract. Powers and Murphy™ have 
shown that the intramuscular injection of 
3 cc. of a protein-free liver extract, po- 
tency such that 3 cc. represents 100 grams 
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Methods. The same general plan of study 
used by Powers and Murphy was followed 
in our investigation of the effects of liver 
extract injected intramuscularly in irradi- 
ated individuals. 

Studies were made over a period of three 
consecutive days. On the first day total and 
differential leukocyte counts (counting 200 
cells per slide) were made at 9, 11, 2 and 


SRD 
2 b 2 
bree 192, 2.4. 


(a) 


TOTAL LEUKOCYTES 
NEUTROPHILES 
LYMPHOCYTES 


1st 


SRD 
6 2 
? 4 


(bd) 


SINGLE VERTICAL LINES 
DIVIDE CHART INTO DAYS 


ARROW INDICATES HOUR AT WHICH 3 CCM. 
LIVER EXTRACT WERE GIVEN 
INTRAMUSCULARLY 


Cuart u. The effect of liver extract on irradiation leukopenia. (4) A composite graph of 2 
non-irradiated patients used as controls. This shows the leukocytic response of normal 
blood to liver extract. (4) A composite graph of 6 irradiated patients showing that the 
leukocyte count is not affected by liver extract. 


of fresh liver, in a normal individual causes 
a sharp rise in the leukocyte count, reach- 
ing a maximum level at the end of about 
seven hours, after which it gradually re- 
cedes. The leukocytosis in every instance 
was due to an increase in neutrophiles. 
Meyer, Middleton and Thewlis® confirmed 
this work, and concluded that the effect is 
possibly due to a stimulation of the bone 
marrow, direct or indirect. We considered 
this a good test to apply to patients whose 
white cell count had been depressed by 
irradiation. 


4 o'clock. On the following day a count 
was made at g A.M. Atg.30 A.M. 3 cc. of the 
same type of protein-free liver extract used 
by Powers and Murphy was injected 
deeply into the gluteal region. Resuming 
at 10 A.M., counts were made at hourly in- 
tervals throughout the day, the last count 
usually being made at 7 p.m. In two indi- 
viduals the counts for that day were ended 
at § p.M., but the findings in the two were 
identical with the findings in the other 
cases in this group. On the third day counts 
were again made at g, 11, 2 and 4 o'clock. 
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Material. Two afebrile patients were 
used as controls to confirm the work of the 
above investigators. One of these was a 
semi-recumbent female, aged eight, with 
cardiac disease (not listed in our series in 
Table 1). The second was a white male, 
aged thirty-three, an ambulatory recently 
postoperative brain tumor patient (Case 
79). Neither patient had ever received any 
radiation therapy at the time of this study. 
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at the termination or within ten days of the 
cessation of therapy. 

A final subject included in this part of 
our work (Case 52) had received at this 
time a total of 2,500 r over the stomach 
area. He showed a definite leukocytic de- 
pression, and it was considered advisable 
to include him as an irradiated control, a 
similar number of blood counts being 
made, but liver extract being omitted. 


BAY |LST SRD ist SRD 
9 219 182 2 9 219 a 
H n4 4 miss5m7mnh« 
4.5 
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all 3.0 
+ 
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NEUTROPHILES 
LYMPHOCYTES 


TOTAL LEUKOCYTES 


(d) 


ARROW INDICATES HOUR AT WHICH 
3 CCM. LIVER EXTRACT WERE IN- 
JECTED INTRAMUSCULARLY 


VERTICAL LINES DIVIDE CHART 


INTO DAYS 


Cuarrt i. The effect of liver extract on irradiation leukopenia. (a) Case 52, who received no liver extract, 
shows the same type of leukocyte record as (4) irradiated patients who were given 3 cc. of liver extract 


intramuscularly. 


Eight patients were used in investigating 
the effect of liver extract following irradia- 
tion. These patients (Cases 16, 20, 26, 32, 
47, 78, 79 and 113) had received a total 
average amount of radiation of 12,231 r, 
and two of this group (Cases 26 and 32) 
had received, in addition, an average total 
dose of 4,200 mg-hr. of radium. The aver- 
age duration of treatment was forty-three 
days. Case 113 had received a total of 
19,100 r in 3 series in a period of eight 
months. All except this last mentioned case 
were ambulatory at the time of this investi- 
gation. It is worthy of note that two sub- 
jects in this group had received treatment 
for brain tumor, their average total dose 
of 13,900 r having been given over an 
average period of 44.5 days. In all cases 
the liver extract studies were made either 


Results. The counts made on the two 
previously non-irradiated individuals for 
control purposes disclosed findings in all 
respects similar to those reported by 
Powers and his coworkers, as shown by 
Chart 114, which is a composite of these two 
cases. It will be noted that we have charted 
the total numbers of leukocytes, neutro- 
philes and lymphocytes, omitting percent- 
ages as probably not being of any special 
significance. We have been much interested 
in the effect of irradiation on the lympho- 
cytes, and felt that it would be well to in- 
clude these cells in the chart. 

A composite graph (Chart 114) shows the 
results obtained in 6 of the irradiated in- 
dividuals following liver extract injection. 
Two of the irradiated patients (Cases 78 
and 79) both brain tumor cases, will be con- 


(a) || 

= 

> 


to 
wn 
to 


sidered separately. As will be observed, 
there was no discernible response following 
the use of liver extract, both the neutro- 
philes and the lymphocytes maintaining 
approximately the same level throughout 
the three days of study. 

Case 52 (Chart 111) did not receive any 
liver extract, and it will be seen that the 
results of our study of this individual were 
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response following liver extract was mini- 
mal, and may be considered as within the 
limits of diurnal variations. However, 
these two cases do illustrate the fact that 
the leukocyte count is not much affected 
as the result of irradiation over the head. 

Summary. These investigations would 
seem to indicate that the leukocyte count, 
depressed as a result of radiation therapy, 


LEUKOCYTES IN THOUSANDS 
. 


CASE NO. 78 Lod 
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CASE NO. 79 0. 
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«= TOTAL LEUKOCYTES 
ommommo = NEUTROPHILES 
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VERTICAL LINES DIVIDE CHART 
INTO DAYS 


ARROW INDICATES HOUR AT WHICH 
3 CCM, LIVER EXTRACT WERE IN- 
JECTED INTRAMUSCULARLY 


Cuart iv. Two brain tumor patients, who received intensive irradiation, were given 3 cc. 
of liver extract intramuscularly. The leukocytic response is quite similar to that ob- 
tained in non-irradiated individuals. Irradiation over the head has less effect on the 
leukocyte count than irradiation elsewhere. 


the same as those noted for the irradiated 
cases after use of liver extract. 

As has been stated elsewhere in this 
paper, we have noted less leukocytic de- 
pression following irradiation over the head 
and neck. In the two brain tumor cases 
which were included in this particular study 
(Chart 1v), we found a response in the first 
patient (Case 78) paralleling that found 
after use of liver extract in non-irradiated 
cases. In the second patient (Case 79), the 


is not susceptible to stimulation by the 
intramuscular injection of liver extract, 
such as occurs in normal previously non- 
irradiated individuals. Further, the results 
in the two brain tumor cases appear to sub- 
stantiate our statement that irradiation 
over the head and neck has less leukocytic 
depressant effect than is seen when patients 
are irradiated over the trunk. 

(6) Leukocytic Response to Injections of 
Typhoid Vaccine. Typhoid vaccine when 
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injected intravenously in normal persons 
in amounts of 15-25 million bacteria per 
cubic centimeter produces a sharp reac- 
tion, manifested by a chill followed by an 
elevation of temperature, which may reach 
as high as 104° F. Accompanying this reac- 
tion, there is a drop in the leukocyte count 
with the chill, followed by a definite leu- 
kocytosis during the period of fever. The 
curves of the various types of white cells 
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lowed the total leukocyte count. The lym- 
phocytes, however, showed considerable 
fluctuation. In one patient (Case 76) there 
was no initial drop but a definite increase 
in the leukocytes occurred (Chart ve). 
This was a patient with brain tumor who 
had received 12,525 r over the head during 
a period of forty-three days, the injection 
being made the day following cessation of 
therapy. This was the only head case in 
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ARROW INDICATES HOUR AT WHICH TYPHOID 
VACCINE WAS INJECTED INTRAVENOUSLY 


Cuart v. The effect of typhoid vaccine on the leukocyte count of irradiated individuals. (a) Typical 
leukocytic response of normal blood to typhoid vaccine. (4) During or immediately following irra- 
diation the blood fails to respond to injection of typhoid vaccine. (c) In a patient irradiated over 
the head a fairly characteristic response to typhoid vaccine was obtained. 


parallel that of the total leukocyte count. 
Chart va shows the typical response to 
typhoid vaccine injected into 3 control sub- 
jects. These were cases of cancer which had 
not been irradiated. Ten patients who had 
received intensive irradiation and who hada 
definite leukocytic depression were given 
similar injections. In 7 cases, the injections 
were given either during or immediately 
following radiation therapy. Six of these 
showed little or no response to the typhoid 
vaccine (Chart v4). The neutrophiles fol- 


this series of typhoid injections. We have 
observed that the effect of irradiation on 
the leukocytes is less marked when treat- 
ment is directed to the head than to the 
chest or abdomen. This may account for 
the exceptional resuit from the typhoid 
vaccine in the case of brain tumor just 
cited. In 3 cases the injections were given a 
considerable time after cessation of ther- 
apy. These patients still showed an irra- 
diation leukopenia, although in 2 cases the 
typhoid injection was given two months 


(a) (bd) (c) 
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and in one three months after therapy. All 
showed a somewhat characteristic response 
to the typhoid vaccine, although the re- 
sponse was rather weak in one case two 
months after irradiation (Chart v1). Two 
patients (Cases 117 and 119) with exten- 
sive metastases and who subsequently died 
from cancer presented severe reactions to 
typhoid vaccine with a marked drop in the 
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WHAT IS THE LIMIT OF SAFETY OF 
IRRADIATION LEUKOPENIA? 

The question naturally arises as to how 
low the leukocyte count may be permitted 
to drop with safety during irradiation. As 
regards the neutrophiles, in 6 cases the 
number was reduced to between 1,000 and 
2,000 and in 3 patients the neutrophiles fell 
to below 1,000. With the lymphocytes, 24 
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ARROW INDICATES HOUR AT WHICH TYPHOID 
VACCINE WAS INJECTED INTRAVENOUSLY 


Cuart vi. Three patients, who had received intensive irradiation, were given typhoid vaccine from 
two to three months after the cessation of therapy. The leukocytic response, in spite of a persistent 
irradiation leukopenia, is characteristic but somewhat less than is obtained in non-irradiated 
individuals. Another series of radiation treatments is permissible in such patients. 


leukocyte count during the chill but no 
subsequent increase in the leukocyte count 
accompanied the fever, the count returning 
to the level prior to the injection. 

Summary. The leukocyte count under 
the influence of irradiation did not respond 
to injections of typhoid vaccine when ad- 
ministered either during or immediately 
following irradiation. When given some 
months after the cessation of therapy, there 
was a characteristic but less marked re- 
sponse than occurs in non-irradiated indi- 
viduals. 


patients showed counts of between 250 and 
500, while in 7 the number of lymphocytes 
was less than 250. The lowest count was 
total leukocytes of 300, neutrophiles 288, 
lymphocytes 12. 

This was a case of Banti’s disease which 
had received irradiation over an enlarged 
spleen, 4,075 r. This patient showed no 
symptoms referable to the blood. By means 
of transfusions his blood picture ap- 
proached the condition at the time of ad- 
mission, when he showed a distinct leuko- 
penia of 2,400 cells per cu. mm. He subse- 
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quently had a splenectomy from which he 
made an uneventful recovery, with imme- 
diate increase of the leukocytes to normal. 
The patient was followed for eight months 
after splenectomy, during which time his 
leukocyte count was normal. 

In spite of the low level to which the 
leukocytes were permitted to fall in many 
patients of this series, in none could un- 
toward effects be detected directly attribu- 
table to the state of the blood. In only 3 
patients was irradiation interrupted be- 
cause of the degree of leukopenia produced. 
This was early in the inv estigation at a 
time when we were uncertain as to what 
might happen. The lowest level of the leu- 
kocyte count usually was reached during 
irradiation, although there was a further 
decline after the cessation of therapy in a 
few patients. This does not apply to pa- 
tients with blood diseases, which, with the 
exception of 2 cases (Banti’s disease and 
purpura hemorrhagica), were not included 
in this study. The question arises as to 
whether it is possible to completely clear 
the circulating blood of leukocytes by irra- 
diation. It would be interesting to know 
what would occur under such circum- 
stances. The blood is probably never com- 
pletely depleted of leukocytes under thera- 
peutic irradiation. Many radiologists do 
not keep very accurate records of the state 
of the blood of patients receiving radiation 
therapy. No doubt the low leukocyte 
counts obtained in this series of cases are 
of frequent occurrence, yet we have heard 
of no ill effects directly attributed to the 
depression of the leukocyte count. 

Summary. It would seem that the 
marked leukopenia occasionally produced 
by therapeutic irradiation is of no particu- 
lar clinical significance. It is, nevertheless, 


advisable to keep a record of the state of 


the blood during irradiation. One or more 
counts should precede therapy and a count 
should be made at least every two weeks 
and oftener if the leukocyte count tends 
toward a low level. Irradiation is probably 
never justifiable with a neutrophile count 
below 1,000 or a lymphocyte count less 
than 250 cells per cu. mm. of blood. 
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DISCUSSION 

This investigation was conducted along 
purely clinical lines with the hope that the 
results obtained would be of everyday use 
to the practicing radiotherapist. It was 
soon realized that there existed a host of 
factors which influence the blood count 
producing such fluctuations that critical 
analysis was very difficult. Attempts were 
made to take into account the various fac- 
tors influencing the blood count so that 
these might be differentiated from what 
was regarded as purely the effects of irra- 
diation. Among the factors considered was 
the diurnal variation in the leukocyte 
count. Shaw" has found that during a 
twenty-four-hour day, the total leukocytes 
exhibit two tides, each occupying approxi- 
mately twelve hours. The day tide begins 
in the forenoon, reaches its peak during 
the afternoon and completes its decline in 
the evening. The night tide begins in the 
evening, comes to its height shortly after 
midnight and ebbs away in the early fore- 
noon. It is thus seen that the leukocyte 
count depends somewhat on the time of day 
the count is made. This diurnal variation in 
the leukocytes has been noted also by 
Sabin, Cunningham, Doan and Kindwall, 
and Zirn and Bauermeister as quoted by 
Garrey and Bryan.* Naegeli is quoted by 
Garrey and Bryan as stating that all leuko- 
cyte counts should be made in the early 
morning under conditions of rest, a great 
majority of such counts falling between 
5,000 and 6,000 leukocytes per cu. mm. of 
blood. Garrey and Bryan were interested 
in the variations in the total leukocyte 
count under different physiological condi- 
tions and discuss the changes seen as a 
result of changes in posture, random activ- 
ity and exercise, training, epileptic seizures, 
administration of adrenalin, digestion, 
starvation, climate, pregnancy, the men- 
strual cycle, emotional and affective states. 
Infections and various inflammatory proc- 
esses occurring prior, during and after ir- 
radiation cause considerable variation in 
the leukocyte count. It is well known that 
certain malignant processes are accom- 
panied by a more or less characteristic 
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blood picture. Antianemic therapy, par- 
ticularly the use of liver and blood trans- 
fusions, also serves to change the state of 
the blood. The clinical course of the pa- 
tient’s disease is a very potent factor in 
altering the blood picture. In the face of 
these many complicating factors, care was 
necessary in ascribing the blood changes to 
irradiation. Therefore, minor changes in 
the blood which might be due to any one of 
a number of factors were disregarded. 
Only the alterations that were distinct and 
definite were considered in arriving at the 
conclusions regarding the effects of irradia- 
tion on the blood cells as determined by 
these blood studies. 

Reference to the literature reveals the 
fact that a number of investigators have 
inquired into the effects of irradiation on 
the blood. They have approached the prob- 
lem from different angles and for different 
purposes, using both clinical material and 
experimental animals. While, in the main, 
the general results of these workers have 
been in agreement, there are a number of 
instances in which conclusions have been 
somewhat conflicting. The work on experi- 
mental animals by Murphy'® and Russ, 
Chambers, Scott and Mottram (quoted by 
Whitby and Britton'’) has little bearing 
on the present investigation. Mayneord 
and Piney,* in their clinical work, found 
that monocytosis occurs in patients who 
have had protracted roentgen treatment. 
This fact was not apparent in our own 
studies. Knott and Watt® carried out ex- 
perimental work to observe in vitro the 
effects of deep roentgen therapy upon the 
living white blood cells. They found the 
phagocytic test of definite clinical value, 
and state that they believe the loss of 
phagocytic power by irradiated white 
blood cells explains the well-known fact 
that actively septic patients do poorly 
when irradiated. In this regard, the present 
studies have shown that irradiated blood 
retains its power to increase the number of 
leukocytes in the presence of infection. 
That this increase in leukocytes is prob- 
ably not as great as normally occurs is in- 
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dicated by the fact that little or no re- 
sponse occurred when attempts were made 
to increase the leukocyte count by liver 
extract and typhoid vaccine injections. 
This rather definitely shows that the leuko- 
cyte count of irradiated patients is less 
susceptible to stimulation than is the case 
with non-irradiated individuals. 

Piney” expresses the opinion of most ob- 
servers when he states that neither anemia 
nor leukocytosis per se is a contraindica- 
tion to irradiation. He considers leuko- 
penia a much more important sign, and 
says that frequent examinations should be 
made of the blood in order to detect the 
earliest signs of a relative fall of lympho- 
cytes. He also states that it is especially 
important to stop radiation therapy if a 
lymphopenia with a monocytosis should 
occur. Piney believes it is almost certain 
that individual variations in susceptiblity 
to roentgen rays play a considerable part 
in the production of the different degrees of 
injury found after identical doses. He 
found practically the same effects following 
radium and roentgen therapy. The results 
of Hayer® were essentially the same as ex- 
pressed by Piney. Bosch,' in a study of the 
blood of 470 patients who were treated by 
deep roentgen therapy, mostly for car- 
cinoma of the cervix, attempted to get 
some idea as to the prognosis from the 
blood picture. He found that the blood 
changes and the temperature curve seem to 
go hand in hand and that a high tempera- 
ture shortly after irradiation with an un- 
favorable change in the blood picture gives 
one reason for offering a bad prognosis. 

We are in agreement with the conclu- 
sions of Simpson! who believes that neu- 
trophiles and lymphocytes alone can be 
counted with any degree of accuracy, and 
that there are too few of the other white 
blood cells to get a dependable count. 
Small variations from the normal limits he 
considers to be of technical origin and 
states that the number of white cells vary 
constantly in the peripheral blood, tending 
to be higher and less stable in the after- 
noon. Simpson believes that absolute num- 
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bers of white cells and not percentages are 
of significance. 

The results of Phillips" do not harmo- 
nize with those of other investigators. In his 
studies, the white blood cells were not ma- 
terially altered in any way, a leukopenia 
did not occur and the effect of irradiation 
was very definitely not the production of a 
lymphopenia. He concludes that there are 
no characteristic changes produced in the 
blood picture by large doses of radiation, 
and the blood count per se should not limit 
the amount of irradiation that it is con- 
sidered necessary to give. Goodfellow‘ ana- 
lyzed blood studies on 61 cases who had 
received radium therapy for malignant dis- 
ease. The results were essentially the same 
as is obtained after roentgen therapy. The 
lymphocyte loss was found to be propor- 
tional to dosage. He believes that at least 
four to six weeks is required for the resump- 
tion of the normal blood picture after large 
doses of radium. 

It is seen that the results of the present 
study are in general agreement with the 
work reported by other investigators. 
Table x gives a brief résumé of the manner 
in which the various cellular elements of 
the blood were affected by irradiation in 
this series of cases. It is generally agreed 
that irradiation has little or no influence on 
the red cell count or the hemoglobin con- 
tent of the blood. This knowledge serves a 
very practical purpose. The poor condition 
of some patients who are receiving or have 
received irradiation is usually ascribed by 
the clinician to the effect of irradiation, 
even though such therapy may have been 
given many months before. It is often diffi- 
cult toknow whether the patient’s condition 
is the result of irradiation or the disease for 
which he is being treated. We have on a 
number of occasions been able to make this 
differentiation on the basis of the blood 
picture. If there is a progressing anemia 
then one can be fairly certain that the pa- 
tient’s condition is not alone due to irra- 
diation but is much more likely the result 
of the disease. This is particularly true if 
the neutrophiles and lymphocytes show 
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little or no reduction in numbers as com- 
pared with their pre-irradiation level. 

While various writers are in minor dis- 
agreement regarding some of the effects of 
irradiation on the leukocytes, it is the gen- 
eral belief that irradiation produces a de- 
crease in numbers, involving particularly 
the neutrophiles and lymphocytes, the 
latter being most affected. Many radiation 
therapists are concerned in dealing with 
the question of a second series of radiation 
treatments to know whether an apparent 
neutropenia or low normal neutrophile 
level may be a contraindication to further 
therapy. By the use of liver extract or of 
typhoid injections, the radiologist has at 
hand a means of readily determining 
whether the leukocytes are still in a de- 
pressed state, or whether the low count 
may be merely the manifestation of a nor- 
mal low count for that particular individ- 
ual. In the latter case, one may confidently 
expect to see a definite increase in the num- 
ber of neutrophiles following the use of 
either of the above agents, and under such 
circumstances, as far as the blood count is 
concerned, there would not be any con- 
traindication to resumption of treatment. 
In view of the rather severe general sys- 
temic reaction from typhoid vaccine, liver 
extract is the preferable agent to use in 
clinical work. It is unnecessary to carry 
out the detailed three-day study, as is done 
experimentally. A white cell and differen- 
tial leukocyte count may be done in the 
morning and again in the afternoon of the 
first day, preferably at g a.m. and at 4 
p.M., a third count at g A.M. of the following 
day, followed by injection of a liver extract 
which is protein free and of the potency al- 
ready indicated, and finally a fourth count 
at 5 p.M. of that day. The patient’s activities 
should be of the same order during these 
two days. Counts are unnecessary on the 
third day. 

Attempts have been made to use the 
changes occurring in the various leuko- 
cytes as a prognostic indicator but it would 
seem that this has a limited value. A per- 
sistent neutropenia or lymphopenia eight 
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weeks or more after the cessation of radia- 
tion therapy is suggestive of an unfavorable 
prognosis. Usually, however, the clinical 
condition of the patient reveals the progno- 
sis earlier and more convincingly than does 
the leukocyte count. We have not been 
able to find in the literature or in our own 
experience any indication that the depress- 
ing effect of irradiation on the leukocyte 
count is of much clinical significance or 
that it materially affects the general health 
of the patient. It is generally agreed, how- 
ever, that an accurate record of the blood 
should be kept of patients receiving roent- 
gen or radium therapy. 


CONCLUSIONS 


1. Roentgen and radium irradiation as 
applied therapeutically has no significant 
effect on the red cell count or the hemo- 
globin content of the blood. 

2. Anemia per se is not a contraindica- 
tion to radiation therapy. 

3. Therapeutic irradiation tends to lower 
the leukocyte count. This is by no means 
a universal effect. 

4. The actual number of the various 
leukocytes is somewhat differently affected 
by irradiation. The greatest decrease oc- 
curs in the lymphocytes, and then the neu- 
trophiles, with the monocytes and eosino- 
philes being the least affected. 

5. In this study there was no apparent 
relationship between the effect on the leu- 
kocytes and the part of the body treated, 
the amount of irradiation and the period 
of time during which the patient was irra- 
diated. The effect appeared less marked, 
the smaller the size of the areas treated. 

6. On the average, about five weeks is 
required after irradiation for the count of 
the various leukocytes to return to the 
pre-irradiation level. A count which does 
not recover in a period of eight weeks is 
suggestive of an unfavorable prognosis. 

7. Daily intramuscular injections of 2 
cc. of liver extract (potency, 20 cc. repre- 
sents the extraction from 100 grams of 
fresh liver) did not prevent the depressing 
effect of irradiation on the leukocyte count. 
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8. No evidence was found to indicate 
that the effect of irradiation on the blood 
is to render the patient more susceptible to 
infection. 

g. Irradiation leukopenia does not pre- 
vent an increase in the number of leuko- 
cytes when infection occurs. There is 
reason to believe, however, that this in- 
crease is not as great as occurs in non- 
irradiated individuals. 

10. Clinical observation fails to reveal 
any detrimental effect on the general 
health of the patient directly attributable 
to irradiation leukopenia. 

11. Attempts to increase the leukocyte 
count in irradiated patients by intramuscu- 
lar and intravenous injections of liver ex- 
tract in amounts sufficient to cause a defi- 
nite leukocytosis in normal persons were 
unsuccessful. 

12. Intravenous injection of typhoid 
vaccine, which normally causes a sharp 
rise in the leukocyte count, produced no 
significant effect in patients receiving or 
immediately following a series of radia- 
tion treatments. Several months after the 
cessation of therapy a characteristic re- 
sponse was obtained. 

13. Injections of liver extract or typhoid 
vaccine afford a means of determining 
whether the blood of an irradiated patient 
has sufficiently recovered to permit a 
second series of treatments. 

14. It would seem inadvisable as the re- 
sult of irradiation to permit the neutro- 
philes to drop below 1,000 and the lympho- 
cytes to drop below 250 cells per cu. mm. 
of blood. 

15. From a practical point of view, the 
effects of irradiation on normal blood, as 
determined by the blood count, are of little 
clinical significance. 

16. An accurate record should be kept of 
the blood of all patients receiving radiation 
therapy, not because of the effect of irra- 
diation on the blood but as an additional 
means of following the clinical course of 
the patient’s disease. 

17. It is recommended that one or more 
complete blood counts be made before irra- 
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diation is begun and repeated during irra- 
diation every two weeks or oftener if the 
leukocyte count tends toward a low level. 
If significant changes in the blood occur, 
counts should be continued until the blood 


has returned to its pre-irradiation state. 
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DISCUSSION 


Dr. Russert L. Haven, Cleveland, Ohio. 
This paper is timely because many hematolo- 
gists feel that not enough attention is given to 
the effect of irradiation on the blood of pa- 
tients who are receiving such treatment. The 
radiologist is concerned with the effect of 
radiant energy on the blood in three groups of 
cases: (1) patients having therapeutic irradia- 
tion, (2) physicians and technicians in con- 
stant contact with the roentgen ray and (3) 
patients suffering from a blood dyscrasia in 
which irradiation is the treatment used. 

The authors feel that anemia is not a contra- 
indication to irradiation. It is wise, however, 
to give a blood transfusion to patients with a 
marked anemia before beginning therapy. Dr. 
Portmann, who is in charge of radiation ther- 
apy at the Cleveland Clinic, thinks that a 
transfusion is always desirable if the hemoglo- 
bin level is below so. However, an anemia is 
never a contraindication to therapy. Patients 
with a marked anemia have fewer after-effects 
from the treatment if a transfusion is given. 

I would emphasize especially that the pa- 
tients discussed in this paper have had good 
therapy for the anemia, and have not simply 
been irradiated without regard to the status of 
the blood. Dr. Kornblum has considered trans- 
fusion, iron, liver and dietotherapy just as 
should always be done. 

In the Cleveland Clinic we have checked the 
blood of those in constant contact with the 
roentgen ray without finding any evidence of a 
resultive bone marrow depression. This paper 
confirms again the opinion expressed before 
this meeting four years ago by Isaacs of Ann 
Arbor concerning the effect of irradiation. He 
stated that the only two effects of irradiation 
on the blood are (1) to make young cells divide 
more quickly and (2) to make old cells mature 
more quickly. 

The qualitative effect of roentgen rays on 
the neutrophilic leukocyte has not been dis- 
cussed by the essayists. In recent years more 
attention has been paid to this phase of the 
leukocyte. The value of the leukocyte, so far 
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as its specific function is concerned, depends 
greatly on its quality as well as the quantity. 
One patient with a leukocyte count of 1,000 
may show good resistance to infection if the 
cells are of normal quality, while another pa- 
tient with more cells will show no resistance if 
there are qualitative changes in the cells evi- 
denced by basophilic (“toxic”) granulation, 
vacuolization of cytoplasm, loss of oxidase 
staining, and variation from normal in the 
nucleus. In Banti’s disease the leukocytic 
count is often low but infection seldom occurs; 
in the granulopenia of a toxic myelosis, as 
from sensitivity to amidopyrine, infection al- 
most always occurs. 

I should like to ask Dr. Kornblum if he has 
considered a leukopenia as a contraindication 
to irradiation. I have discussed this frequently 
with Dr. Portmann in the management of 
patients in the Cleveland Clinic. He has fre- 
quently irradiated patients with a marked 
leukopenia, especially in leukopenic leukemia, 
with only good effects. 


Dr. Wricut Crarkson, Petersburg, Va. 
This paper is very valuable, and we owe a debt 
of gratitude to Dr. Kornblum and his coworkers 
not only for this but also for the paper that he 
gave us last year, because, as radiologists, we 
pay too little attention to clinical pathology. 
I have learned a great deal by a careful analysis 
of this paper, which Dr. Kornblum was so kind 
as to send to me before the meeting. 

I agree with him entirely in all that he has 
had to say so far as the effects of the type of 
irradiation that he has given are concerned, 
but some of us are interested in trying to sal- 
vage patients who have been practically mori- 
bund from body metastases. I reported to you 
last year a patient to whom we gave extensive 
irradiation for widespread carcinoma metas- 
tases originating in the mammary gland. This 
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patient had remained clinically well for more 
than five years at the time of my report. 

When giving extensive irradiation over very 
wide areas the blood changes are far more 
pronounced than those reported in Dr. Korn- 
blum’s paper, and the patients do not recuper- 
ate so rapidly. There will be a profound leuko- 
penia. The jeukocytes will continue to drop for 
five or six weeks after the irradiation is dis- 
continued and they will not return to a nor- 
mal level for three months or more. 

There is another very interesting thing about 
some of our patients to whom we are at present 
giving general body irradiation, and that is 
there is a marked decrease in the blood plate- 
lets. A careful check on these cells is most im- 
portant, because when they get down to around 
100,000 the patient begins to have “blue spots” 
or subcutaneous hemorrhages, and if too much 
irradiation is given over very large areas, there 
will be bleeding from all of the mucous mem- 
branes and a fatal termination. The platelet 
count should be watched carefully whenever 
an attempt is made to give extensive roentgen 
therapy to a large portion of the body. 


Dr. Kornsivum (closing). In answer to Dr. 
Haden, I should like to say that we did not 
concern ourselves with the qualitative changes 
in leukocytes. We found that this problem was 
a much larger one than we had anticipated 
when we started. We feel very much the same 
as he does about the treatment of leukopenia. 
We believe that these patients should recéive 
irradiation but that the irradiation should be 
proceeded with rather cautiously. 

Dr. Clarkson has also brought the point for- 
cibly to you that there are many phases of this 
subject which we could not possibly touch upon 
in this discussion. There is still a lot of work 
that can be done along this line. 
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THE ROENTGEN TREATMENT OF LYMPHADENOMA* 


By N. S. FINZI, M.B., D.M.R.E. 


LONDON, ENGLAND 


CERTAIN amount of gloominess has 

crept over radiologists in regard to 
the treatment of lymphadenoma and this 
does not seem to me to be justified. 

In the initial stages the disease is a 
local one. The blood shows certain changes, 
as Mervyn Gordon’s test proves. But this 
must be some change in the soil and not 
evidence of dissemination of the plant that 
grows in a part thereof. What is quite cer- 
tain is that roentgen treatment, in this 
early stage, will cure the majority of cases 
for many years and that in itself is suffi- 
cient to prove that the disease can be re- 
garded as a local one at first. I have lost 
touch with my cases treated before and 
during the early part of the war, but my 
post-war cases still living go back to IgIg. 

The disease is often preceded by some 
other type of infection, such as tuberculous 
glands, and these may still be present 
when the lymphadenoma develops. This is 
important, because a lymphadenomatous 
gland disappears completely under roent- 
gen treatment, but a tuberculous gland 
leaves a caseous remnant, which can, in 
most cases, be palpated. 

As soon as a case is suspected of lymph- 
adenoma a gland must be excised, com- 
plete with its capsule, and examined micro- 
scopically. If the histological diagnosis is 
positive, the case is an urgent one and 
roentgen treatment must immediately be 
instituted, without waiting for the result 
of Gordon’s test and without wasting time 
trying any other treatment. The remainder 
of the glands should on no account be ex- 
cised, as the results of radical surgery are 
very poor in this disease. 

Generally these cases start on one side 
of the neck or occasionally in one groin. 
The method of treatment is to get a dose 
of 800 r (tissue dose) to the deepest part 


of the affected area, in the course of one 


week, using 200 kv. continuous current 
with o.§ mm. Cu filter. During this week 
and the next or during the two weeks 
after the neck treatment, a dose of 1,100 
r (tissue dose) must be given to the deepest 
part of the mediastinum or other lymph- 
drainage area. These doses are about 60 
per cent of the maximum one could apply 
over the same period. 

After an interval of six to eight weeks 
from the end of the treatment, the course 
is repeated using slightly smaller doses. 
After a further interval of three months 
the dose is again repeated. 

Admittedly the repetition of submaxi- 
mal doses is an old method of treatment, 
but I find that one gets better results thus 
than with a single series of treatments, 
even if worked up to a maximal dose. 

Minor modifications have to be intro- 
duced to suit particular cases, but the 
general scheme remains the same. For in- 
stance, if the mass is large, the effect of 
toxic absorption may necessitate the in- 
dividual doses being smaller; the treat- 
ment then must be more prolonged and 
therefore the number of roentgens received 
by the growth must be greater, in order to 
obtain the same biological effect as with 
the shorter treatment. 

Where I differ from most radiotherapists 
in treating these early cases is in radical 
treatment of distant areas with submaxi- 
mal doses and repeating the treatment. I 
probably also extend my treatment to 
more distant parts. I may be optimistic, 
but I claim that my results justify this 
optimism, for I have cases well, up to 
eighteen years at least. 

The matter is different with the majority 
of cases referred to the radiotherapist. 
These cases have more than one group of 
glands involved and the disease is dis- 
seminated. Though one can do much for 


* Read at the Fifth International Congress of Radiology, Chicago, III., Sept. 13-17, 1937. 
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such patients and often keep them alive 
and in health by treating them occasion- 
ally for many years, | have yet to see such 
a case, which has remained well for more 
than five years at a time. Eventually the 
period of health gets shorter and shorter 
and the response to the treatment is less, 
though I have not yet seen a case which 
did not respond at all, even in the latest 
stages. 

I use two methods in these cases: 

1. General irradiation of large areas of 
the patient, such as the neck and thorax, 
with small doses of 15-60 r (measured in 
air) daily or even more. The factors are 
either as used above, but, more often, a 
radiation of greater penetration is used. 
The focal-skin distance is 60-80 cm., in 
order to get a wide enough area covered. 
We call this an upper trunk bath. I have 
not tried general whole body irradiation. 

It sometimes becomes necessary to sup- 
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plement with the second method or to 
change over to it later on. 

2. In this second method separate 
groups of glands, liver, spleen or deposits 
in bone are irradiated. As the area treated 
is small, it may be possible to use larger 
local doses but quite frequently only 
small doses are necessary and sometimes 
large ones cannot be tolerated by the pa- 
tient. The advantage of the use of small 
doses is that they can be repeated a great 
number of times and it is longer before the 
patient becomes radioresistant. With these 
doses the general body irradiation is small 
and therefore the blood changes minimal. 

Finally, | would say that a patient may 
be incredibly ill with this disease, and yet 
recover temporarily with roentgen treat- 
ment. I believe, therefore, that when the 
disease is localized the patients are curable 
and when it is disseminated they can be 
relieved. 
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NOTES ON CHANGES OBSERVED ON BODY GROWTH, THE 
GONADS, PITUITARY AND ADRENALS 
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T. MERANZE, M.D., and D. MERANZE, M.D. 
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studies of the thy- 
mus have been carried on for nearly a 
century, and always by one of the fol- 
lowing methods: (1) surgical removal of 
the gland; (2) depression of function 
with toxic sera; (3) roentgen irradiation, 
and (4) augmentation of thymic action 
through the use of extracts. The extensive 
literature on the subject is highly contra- 
dictory, and in many cases the protocols 
of an investigator appear inadequate to 
justify his own conclusions. Most discrep- 
ancies can be readily explained by the em- 
bryological developmental peculiarities of 
the thymus in the several experimental 
species; by the difficult surgical problems 
to be overcome for complete extirpation of 
the gland; by the capacity of the thymus 
to regenerate from accessory rests or un- 
removed fragments; by the uncertain po- 
tency of gland extracts, and, finally, by 
the relationship of optimal effect to the 
age of the animal at the time of treatment. 
We chose our experimental method be- 
cause comparatively few researches have 
been carried out with the roentgen rays. 
Too, the improvement in calibration of 
roentgen machines and the measurement of 
radiation makes possible the application of 
a technique that can result in complete 
atrophy of the thymus. Hitherto, this was 
not so accurately accomplished, even 
though the gland was well recognized to be 
radiosensitive. 

The rat was selected as the experimental 
animal because: (1) embryologically the 
development of its thymus is like that of 
man, and the location in the upper thorax 
resembles that of the human thymus; (2) 


the rat, as an experimental animal, is well 
standardized; (3) there is a relative im- 
maturity at birth, and (4) the rapid de- 
velopment permits observation of changes 
in comparatively short intervals (thirty 
times faster than in humans). With all the 
advantages offered by the rat as an experi- 
mental animal, however, other animals are 
better for certain phases of experimenta- 
tion, so that collateral studies are being 
carried out in the dog, mouse, dove and 
chicken. 

In this series of experiments, the rats 
used were secured from the Wistar Insti- 
tute. Roentgen therapy was applied to the 
thymus beginning with the second day 
after birth. The exposures were made 
through the superior mediastinum anteri- 
orly in some, and into the superior medias- 
tinum through lateral portals in others. 
Treatments were given daily, the average 
dose being 550 r (measured in air—1 skin 
erythema). The factors used were 130 kv.; 
5 ma.; 25 cm. distance; 6 min.; 2 mm. Al 
filter, and the portals 8-10 mm. in diam- 
eter. The animal was strapped to a board 
by adhesive tape (Fig. 1). After many 
trials this method proved most satis- 
factory for perfect immobilization during 
treatment. The center of the portal was 
determined by roentgenoscopic examina- 
tion and indicated by an ink mark on the 
skin. The total skin dose of any one portal 
varied from 275 to 5,000 r, and the esti- 
mated dose to the center of the thymus 
ranged from 200 to 3,500 r. 

In this report we shall limit ourselves to 
a discussion of the results following a total 
dose of 2,200 r or more to the skin or about 


* From the Fels Fund, Philadelphia. Read at the Fifth International Congress of Radiology, Chicago, IIl., Sept. 13-17, 1937. 
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Fic. 1. Rat forty-eight hours old strapped to board 
in supine position for immobilization 
roentgen irradiation to the thymus. 


during 


2,000 r into the thymus. This amount of 
radiation results in complete gross atrophy 
of the gland as early as four to six days 
after beginning the roentgen therapy. This 
dose, too, is sufficient to produce complete 
thymic atrophy consistently and was, 
therefore, the usual experimental one em- 
ployed. Results of treatment and control 
observations were made on animals of the 
same litter. This report is based on obser- 
vations of thirty-five litters of rats. In the 
early experiments, many litters yielded 
nothing more than the opportunity to de- 
velop our technique and to learn its limi- 
tations. Satisfactory standardization of 
our technique has been accomplished only 
recently so that this report must neces- 
sarily deal with comparatively recent ob- 
servations, and the results cannot, there- 
fore, be presented as final. The preliminary 
character of our report makes a discussion 
of the vast literature on the subject inad- 
visable at this time. 


J. Gershon-Cohen, H. Shay, S. S. Fels, 


T. Meranze, and D. Meranze  Fesrvary, 1938 
EXPERIMENTAL RESULTS 

Our most striking results from thymic 
suppression or destruction were seen in the 
development of the gonads. When 2,200 r 
was given through the anterior portal in 
four daily doses of 550 r each (2,000 r 
total to thymus), there was observed a 
retardation in the development of the gonads, 
most marked in the male. This under-de- 
velopment was even more striking micro- 
scopically than grossly. Very definite 
qualitative and quantitative differences in 
spermatogenesis were noted. Oogenesis, on 
the other hand, so far has shown no ap- 
preciable impairment. That these changes 
persist throughout the life of the animal 
we are as yet unable to say. To date we 
have seen them extend over a period of 150 
days, which is at least 100 days beyond 
the advent of puberty in the rat. 

The testes remain markedly altered his- 
tologically. No spermatozoa are visible. 


Fic. 2. Size and shape of thymus are noted roent- 
genoscopically, at which time a mark is placed on 
the skin over the center of the thymic shadow. 
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Only a single layer of cells bounds the pe- 
riphery of each tubule; and these cells stain 
poorly. No spermatogenic cells in an active 
stage are apparent. Each tubule is no 
longer crowded with active proliferating 
spermatogenic cells. Only an amorphous 
detritus remains. Sterility could be predi- 
cated on this histological picture. Changes 
are also present in the remainder of the 
male genital tract not yet completely 
studied. 

The ovary, after thymic atrophy, shows 
a slight degree of retarded development, 
which is relatively less than the testis. But 
the histological changes are different. There 
is very little evidence of interference with 
oogenesis. Follicles and corpora lutea are 
evident, possibly slightly diminished in 
number. No other structural changes have 
as yet been discovered. That we found es- 
trus to remain normal is therefore not sur- 


is shielded with lead. The 


Fic. 3. Entire animal 
portal 8-10 mm. in diameter is centered over ink 
mark on the skin (Fig. 2). 
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Fic. 4. Erythema visible in treated area—noted 
first six days after treatment. 


prising. The uterus and vagina are also 
slightly retarded in development. 
Simultaneously noted with the changes 
in the gonads are striking histological alter- 
ations in the pituitary after thymic atro- 
phy. The pituitary gland seems slightly en- 
larged, more in the male than in the fe- 
male. And the anterior lobe is the part that 
seems most involved. There is an increase 
in the number of basophiles. They are en- 
larged and show irregularities in staining 
affinity. So-called castrate cells make their 
appearance. These seem to increase in 
number with the age of the animal up to 
100 days after birth in those so far studied. 
Eosinophiles seem normal, although pos- 
sibly slightly decreased in number. Actual 
counting might soon settle this point. All 
these changes are noted as early as sixty 
days after treatment, although some evi- 
dence of these changes can be detected 
within thirty days after treatment. Not 
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Fic. 5. A, control male eighty days old; B, treated male eighty days old. These rats 
are litter mates. The thymus (rT) in the treated rat is completely atrophied, only 
some scar tissue remaining to mark its location. The genital system, including 
the testes, prostate and seminal vesicles, are much smaller in the treated than in 
the control rat. The retarded development of the testes is particularly striking. 


B 


Fic. 6. A, control female eighty days old; B, treated female eighty days old. These 
rats are litter mates. T, thymus; 0, ovaries; U, uterus. Note scar tissue in region 
of treated thymus. The genital tract in the treated female is smaller than in the 
control animal. 
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only are these changes more pronounced 
in the male, but they are somewhat differ- 
ent from those in the female. In the female, 
the basophiles are only slightly increased; 
they are not so large, and no castrate cells 
are distinctly visible. 

The adrenals share changes with the 
gonads and pituitary. From organweight- 
bodyweight ratios there appears to be a 
consistent relative hypertrophy in the male 
adrenals in the treated animal. This change 
is not consistent in the female. While his- 
tological changes, too, are believed to be 
present, sufficient study of these changes 
has not yet been made to warrant discus- 
sion at this time. 

Other organs like the thyroid, parathy- 
roids, spleen, liver and kidneys are being 
specially studied. This includes macro- and 
microscopic examinations. So far, no note- 
worthy structural ‘alterations have been 
detected in these organs of the treated rat. 

In addition to the specific local effects 
noted in the gonads, pituitary and adre- 


Fic. 7. Testis of control male (150X). 
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Fic. 8. Testis of treated male (150). There is uni- 
formly almost a complete absence of spermato- 
genic cells in the tubules. The single layer of lining 
cells shows evidence of damage. 


nals after thymic atrophy, particularly in 
the male, a general effect on body develop- 
ment and weight was noted. Retarded 
growth was almost uniformly observed in 
the treated animal. This was first evident 
about three weeks after treatment. From 
then on, a progressive divergence of the 
weight curves was plotted. The treated 
animals were progressively outstripped in 
weight by their control litter mates. Our 
impression at present, too, is that this is 
slightly more pronounced in the male 
group. This must await confirmation by 
observation of greater numbers. 

To determine the relationship of re- 
tarded body development to the changes 
observed in the individual organs, organ- 
weight-bodyweight ratio studies were 
made. The kidney was used as a control. 
Inspection of the tables constructed from 
these studies reveals some interesting facts. 
On the basis of these ratios, the testes are 
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Fic. 9. Ovary of control female (20 x). 


markedly diminished, while the pituitary 
and adrenals are increased slightly in the 
treated animal. This is apparent in the ani- 
mal studied at each twenty-day interval. 
The striking observation is that these 
organweight-bodyweight ratio changes 
seem confined to the male. In the female, 
note how the charted organweight-body- 


Fic. 10. Ovary of treated female (20x). Note 
presence of follicles and corpora lutea. The lack 
of abnormal changes in this organ contrasts 
sharply with the marked changes visible in the 
testis of the treated male. 
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Fic. 11. The pituitary of a control male at eighty 
days of age (soo). 


weight ratios show indifferent variations, 
mostly within the range of experimental 
error. This is in marked contrast to the 
consistent alterations noted in the male. 


These studies indicate that the retarded 


and abnormal developmental changes in 


Fic. 12. The pituitary of a treated male—a litter 
mate of control male in Figure 11 (soo X). There 
is an increase in the number and size of the baso- 
philes. Note presence of castrate cells (c). 
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the gonads, pituitary and adrenals after 
thymic atrophy are not merely an expres- 
sion of the retardation in general body 
growth and development. 

In the mating experiments being carried 
on, we are accumulating data confirming 
the histological evidence of male sterility 
following thymic atrophy. When control 
males are mated with treated females, lit- 
ters are cast. When this mating is reversed 
and treated males are mated with control 
females, no litters are cast. This would 
confirm the presence of sterility in the 
male. The histological picture of the fe- 
male genital system after thymic atrophy 
and the presence of estrus conforms with 
the ability of the treated female to cast 
litters. 

This is our first report on this subject. 
The observations here noted are being ex- 
tended so that there is no finality to our 
present opinions. Nevertheless, it does seem 
to us that the thymus might be regarded 
as an organ whose implications of function 
are different in the male, though the giand 
is present in both sexes. This might seem 
strange at first thought, but the activity of 

GROWTH CHART 


Litter 19. Males 


(70 Days) 


Control 


+ 


reated 


Fic. 13. Weight curve of normal male plotted 
at seven day intervals 

- ~--—-+Weight curve of treated male, litter mate. 
There is little difference in these weight curves 
during the first twenty days after treatment. 
Thereafter, the divergence progressively increases 
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Fic. 14. Weight curves in the control and treated 
female. The divergence of the weight curves is less 
marked than in the male group. 


the pituitary might be regarded as a coun- 
terpart in point. The pituitary is predom- 
inant in the female if its function is con- 
sidered in the regulation of the menstrual 
cycle and pregnancy. The thymus, on the 
other hand, would seem to govern or regu- 
late the establishment of male genital 
growth and function. Since this reaches its 
climax at or after puberty, its involution 
and atrophy at this period seem natural. 
The radiosensitivity of the thymus has 
been recognized. This fact has been ap- 
preciated by the roentgenologist. He has 
long since learned from clinical experience 
that small doses only are necessary to 
treat infants with supposedly enlarged 
thymic glands. What effect even these 
small doses have on the development of 
the testes is a question that might be 
raised. From our animal experiments so 
far, it is doubtful whether these small 
doses of roentgen radiation could have 
more than a slight effect. Further studies 
of thymic roentgen irradiation in relation 
to the effect on the testes are now in pro- 
gress. In those animals where a total dose 
not exceeding 265 r (measured in air— 
about 50 per cent of a skin erythema dose) 
was delivered into the thymus, appreciable 
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Fic. 15. Organweight-bodyweight ratio determina- 
tions in the male. c, organweight-bodyweight 
ratio in the control animal; T, organweight-body- 
weight ratio in the treated animal. The kidney- 
weight-bodyweight ratio was taken as a stand- 
ard for comparison. Note that this ratio is 
identical in the control and treated animals. A 
marked decrease in the ratio of the testicle is 
recorded while there is a slight increase of the ratio 
in the pituitary and adrenal of the treated male. 
The ratios are similar in the thyroid and spleen. 
These findings reveal the absence of significant 
relationship between the retarded general growth 
of the animal and the diminished weight of the 
testes. And the slight relative hypertrophy of the 
pituitary and adrenals disclosed by these organ- 
weight-bodyweight ratios conforms with the histo- 
logical findings. 


abnormal alterations in the histological 
appearances of the developing testes have 
been noted as late as seventy days after 
treatment. The quantitative estimation of 
these changes and their duration are fac- 
tors yet to be determined. Since this dose 
is currently rarely exceeded in the treat- 
ment of the thymus in the human infant, 
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Fic. 16. Organweight-bodyweight ratio determina- 
tions in the female. Only in the case of the ovary 
is a difference noted. This is very slight and some- 
times no greater than might be expected within 
the range of experimental error. These findings 
again stand out in contrast to those found in the 
male (Fig. 15). The results of the mating experi- 
ments (see text) strengthen the differences noted 
in the male and female gonads following thymus 
destruction. 


there seems no reason for alarm, but cau- 
tion to use the smallest doses seems war- 
ranted. A need for careful study of post- 
pubertal males who had thymic irradiation 
as infants is evident from our observations 
so far. The thymus should also be remem- 
bered when irradiation is given for any 
other reason to structures on the level with 
the superior mediastinum. This means 
guarding the thymus in the treatment of 
skin lesions like angiomata or other patho- 
logical processes requiring protracted treat- 
ment in the superior mediastinum, spine 
or respiratory tract. 
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THE TREATMENT OF SUBACUTE AND CHRONIC 
SINUSITIS BY ROENTGEN RADIATION* 


By H. BROOKS SMITH, M.D., and A. C. NICKEL, M.D., F.A.C.P. 


BLUFFTON, INDIANA 


HE use of roentgen rays as a reliable 

therapeutic agent in medicine is com- 
paratively new. Especially true is this 
when we consider conditions other than 
cancer. To the average physician, treat- 
ment with roentgen rays means treatment 
for cancer. To the average layman it un- 
fortunately means something used as a 
final gesture. 

It is true that the great part of roentgen 
therapy in the past has had to do with de- 
structive doses in the treatment of cancer. 
However, gradually our conception of its 
usefulness has enlarged along with our in- 
creased understanding of histologic pathol- 
ogy. For a while the dermatologists made 
much use of roentgen therapy; then it was 
employed in tuberculous lesions; and grad- 
ually its usefulness has spread into prac- 
tically every field of medicine. 

Seeing its beneficial effect in various le- 
sions, we felt that it might have virtue in 
the rather inaccessible areas, the paranasal 
sinuses. One of us having been a “dis- 
couraged sinus patient,” we felt that if re- 
lief of sinus trouble, without radical opera- 
tion, might follow roentgen treatment, it 
would be received gratefully. 

Without knowledge of the work of But- 
ler and Wooley,' or the recent work of 
Warren,” we began to feel our way in re- 
gard to types to be treated and dosage. 

The first patient was a man who came 
from some distance for the express purpose 
of having a radical operation because of a 
chronic frontal sinusitis with swelling of 
the mucous membrane lining. It was sug- 
gested, however, that he first try roentgen 
treatments. 

He was treated on June 1, 1935, with 
filtered roentgen rays for seven minutes: 
5 ma., 135 kv. (peak), 12-inch distance 
with a 2-inch cone, and 4 mm. Al filter. 


* From the Caylor-Nickel Clinic, Bluffton, Ind. 


Improvement was noticed and he was 
given three additional treatments at inter- 
vals of three weeks with the same dosage. 
At that time (August 27, 1935) the patient 
was free of headaches and was well clini- 
cally. This gave us encouragement and we 
have since used the treatment in a group 
of cases. 

The group reported numbers 25 persons, 
all of whom have been under observation 
for a period of four months to a year. The 
ages range from fifteen to sixty years, and 
the sexes are about equally divided. All 
came with complaints of sinus headache 
and more or less nasal discharge. Some 
had excessive nasal discharges—one wo- 
man in particular states that during the 
last three winters she had had enough nasal 
drip to fill three large handkerchiefs an 
hour. She had been subjected to all sorts 
of nasal treatments, including sinus irri- 
gations, without results. 

For purposes of classification, we have 
grouped our cases into three rough divi- 
sions: First, those cases that presented 
themselves because of usual sinus disease 
symptoms plus a large quantity of thin 
watery discharge from the nose. These cases 
showed a very red, swollen, dripping mucous 
membrane lining the nose. They had the ap- 
pearance of the acute stage of a vasomotor 
rhinitis, but none were acute, all having 
been present several months or more. No 
surgery had been done on these noses. 

The second group consisted of cases 
which had had previous operative proce- 
dures such as antrum windows, polyp re- 
movals, turbinectomies, etc., with only 
partial alleviation of symptoms. The dis- 
charge in these cases ranged from the thick- 
ened purulent to the same thin watery 
secretion seen in the first group. The mem- 
branous linings were red and raw. 
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The third group consisted of those cases 
characterized by heavy catarrhal post- 
nasal drip upon arising in the morning, 
coupled with more or less “‘sinus” headache 
when climatic conditions were unfavorable. 
These membranes approached the normal 
pinkish gray in color; some bogginess could 
be noted. 

All cases were treated with similar roent- 
gen-ray dosages, but not all had the same 
number of treatments. The results in every 
case were good. 

Our best results were obtained in the 
first group where a 100 per cent improve- 
ment was obtained. Improvement meant 
patient subjectively better and nasal mu- 
cosa improved in appearance. All 7 of 
these patients stated that the nasal dis- 
charge was completely gone, or lessened. 
The nasal mucosa became less swollen and 
red, became glistening pinkish gray in 
color, and showed air passages open instead 
of swollen shut. The patient who had 
filled three large handkerchiefs an hour 
now carried only one small one when she 
went out for an afternoon. 

Our second group showed improvement 
in 7 of the 8 cases. Improvement here was 
taken to mean a clear nose with subsidence 
of purulent discharge and improvement in 
headaches. All 7 of these had had purulent 
discharge high in the nose before treatment 
and all 7 showed a lessening or complete 
subsidence of discharge following roentgen 
treatments. No other medication except a 
bland oil was used during the treatment 
period. The one case which obtained a bad 
result was that of a chronic ethmoiditis 
which suddenly flared into an acute eth- 
moiditis requiring treatment by the radical 
external route. This case was operated 
upon five days after a roentgen treatment, 
and presented an extreme vascularity of all 
the tissues encountered. 

Our third group, which naturally in- 
cluded most of the old chronic cases, 
showed the least improvement, and it 
seemed to be only transient improvement. 
Most cases were freer of post-nasal drip, 
and their throats felt better following irra- 
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diation, but they did not feel that they 
were cured as did the first group. 


DISCUSSION 


Butler and Woolley best express the 
effect of roentgen treatment when they 
quote Larsell.* 


“*The effect of the x-ray treatment appears to be 
due primarily to an early destruction of the lympho- 
cytes in the infected membranes. About 48 to 72 
hours after treatment of membranes which had 
been infected for several weeks, there appears to 
be an increase in the number of macrophages. These 
are believed to come in response to substances re- 
leased by the breaking down of the lymphocytes. 
These macrophages are seen to be laden with cellular 
débris and blood pigments. It is possible that they 
also engulf bacteria. 

“*The membrane becomes gradually reduced in 
thickness but retains numerous plasma cells, poly- 
morphs, and some histocytes. After a week or more 
some fibrosis appears. Several weeks after irradiation 
nodule-like masses of lymphocytes may be seen in 
some of the membranes, indicating a return of 
lymphocyte formation. 

““*There is no evidence of injury to the cilia, epi- 
thelium, or cellular elements other than the lympho- 
cytes as the result of x-ray dosage. The fibrosis is 
considered a result of the inflammatory process, and 
the increased number of histocytes immediately fol- 
lowing the infection, 

““*In the animals given the double dose there was 
in one instance some indication of abnormal activity 


of the epithelium’. 


As regards dosage, we differed slightly 
from the other investigators. Because of 
individual idiosyncrasy and the non-seri- 
ousness of the disease as regards life and 
death, we believed it wise to give relatively 
small doses. 

We were impressed recently with the 
factor of idiosyncrasy because of a man 
who had a chronic encephalitis with exacer- 
bations and who was willing to try any- 
thing for relief. We gave him less than one- 
half of a filtered erythema dose on either 
side of the head, and this caused an alope- 
cia, which did not disappear as rapidly as 
usual. 

Practically all our treatments were given 
with 4 mm. Al filter, 135 kv. (peak), 5 ma., 
distance 12 or 14 inches, with cone. We 
gave 150 to 200 r (400 r=erythema) at 
two- to three-week intervals for three to 
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five treatments. The eyelids were pro- 
tected with lead foil, likewise the eyebrows 
if the heavier doses were used at the shorter 
intervals. 

Most patients complained of congestive 
symptoms for twenty-four hours following 
treatment. In no instance so far have we 
had any bad or unlooked for results. We 
are endeavoring to evaluate the heavier 
and lighter doses, but so far have found it 
unnecessary to give the heavier doses, un- 
less they might be of value in our third 
group. 

CONCLUSIONS 

1. Moderate doses of filtered roentgen 
rays (150 to 200 r) are of great benefit in 
the treatment of various types of para- 
nasal sinusitis. 
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2. The most satisfactory results are se- 
cured in those cases which present a nasal 
membrane lining resembling an acute vaso- 
motor rhinitis membrane. 


3. Cases of acute sinusitis which may 


require surgery should not be treated with 
roentgen rays. 
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SIMULTANEOUS CROSS-RADIATION 


By M. A, LOEBELL, M.D. 
Bethesda Hospital 


ZANESVILLE, OHIO 


OWING the discovery of beneficial 
effects of roentgen rays upon superficial 
lesions came application of the remedy to 
deep-seated tumors, but with less success 
because of resulting greater injury to nor- 
mal tissues than to the neoplasm. 


Fic. 1. Section of the “Loebell’’ simultaneous cross- 
radiation therapy tube (fourth target out of view). 


Theoretically, the ideal method of irra- 
diation would be to give a saturation dose 
to the tumor mass and then repeated 
smaller doses at frequent intervals, keeping 
the saturation point constant during the 
entire life cycle of malignant cell mitosis. 
Practically, this can be accomplished in 
superficial lesions, but in deep-seated 
tumors the obstacle is the danger to adja- 
cent healthy tissues. The difficulty is solved 
in part, by changing the position of the 


patient, the portal of entry of the rays or 
both, in such manner that roentgen-ray 
beams cross their own path at a certain 
depth below the skin, producing a dose of 
great intensity at depth and distributing 
the superficial effect over a larger surface 
area. These procedures are, nevertheless, 
not wholly satisfactory because of uncer- 
tainty of converging the various roentgen- 
ray beams upon an exact identical space, 
also because of the time element between 
exposures, when loss of effect may be as 
much as $0 per cent in twenty-four hours. 

Many experienced radiologists believe 
that reason for failure of irradiation in 
deep-seated tumors is because one cannot 
administer a cancericidal dose quickly 
enough without injury to surrounding nor- 
mal tissues. 

In this preliminary report, | wish to pre- 
sent an improved method for treatment of 
deep-seated lesions by means of simultane- 
ous cross-radiation emanating from a 
multiple-target multiple-portal roentgen 
tube, whereby several roentgen-ray beams 
are converged to cover simultaneously a 
definite space of predetermined size, shape, 
and depth below the skin, producing in- 
tense irradiation effect at the site, and 
diverging immediately as they pass out of 
the tumor mass, with little influence upon 
the surrounding normal tissues. 

Careful inquiry and search of the litera- 
ture fails to reveal anything ever published 
on this subject. Therefore, my presentation 
is of necessity based entirely upon original 
research and experimentation. The follow- 
ing description is that of an experimental 
tube (Fig. 1) designed by me and exhibited 
in action at the Kelley-Koett factory dur- 
ing the meeting in December, 1936, of the 
Radiological Society of North America; at 
the present time in use at the Cincinnati 
General Hospital under the direction of Dr. 
Reineke and his staff. 
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Variation in position of portals in the regulating and 


coordinating diaphragm. 


The tube is a lead-covered steel chamber 
containing a four-arm anode and four cor- 
responding cathodes; vacuum is main- 
tained by continuous pump. The targets, 
air cooled, operate at 200 kv., 20 to 40 
ma. These are arranged in a circular plane 
parallel to the regulating diaphragm and 
patient. Four lead-covered telescoping cyl- 
inders attached to the tube wall directly 
beneath the targets by means of gliding 
leak-proof joints encase the roentgen-ray 
beams. The cylinders have flexibility of 
convergence from 45° to 60° to a perpendic- 
ular from the center of the circle of targets, 
and are sufficiently elastic to allow varia- 
tion of distance from targets to center of 
cross-radiation 40 to 70 cm. and over. The 
lower ends of the telescoping cylinders fit 
into a regulating diaphragm and filter 
holder. The size and shape of the space to 
be irradiated is governed by the size and 
shape of openings in the diaphragm. The 
depth of convergence beneath the surface 
is determined either by the distance of tar- 
gets to center of tumor mass, the angle of 
convergence of telescoping cones, or both. 
Raising or lowering the tube raises or 
lowers the point of convergence. The rela- 
tive position of the openings in the dia- 
phragm also determine the point of con- 
centration of the rays. The closer the open- 
ings are to the center of the diaphragm, the 
more superficial; the farther apart, the 
deeper the point of cross-radiation. 


Since all of the roentgen rays are con- 
fined within heavy steel and lead en- 
closures, neither primaries nor secondaries 
can escape except through the portals in 
the diaphragm which are in direct contact 
with the skin. Filtration occurs at the skin 
so that very little secondary radiation is 
transmitted to the patient. The tube, 
grounded, affords protection to patient and 
operator. Of steel it is indestructible; the 
filaments are replaceable as easily as fuse 
plugs and with very little loss of time. 
Water or oil cooling of the targets makes it 
possible to increase the milliamperage and 
r output many fold. There is no limit to 
the number of targets and corresponding 
portals that may be employed. With a cor- 
responding increase in output and filtra- 
tion, as proposed by Merritt, one should 
obtain a more homogeneous form of radia- 
tion. 

Change in position of openings in regu- 
lating diaphragm (Fig. 2) makes possible 
dovetailing of roentgen-ray beams and 
concentrating them upon a tumor mass 


without cross-radiation outside of the 


tumor. In position 4 (Fig. 2) the sides of 
four square openings are adjacent to the 
sides of the central square lead disk. By 
rotating the cones 45° the openings present 
angles to the corners of the central square, 
assuming position B. Changes in converg- 
ing angles of telescoping cones place roent- 
gen-ray beams emanating through portals 


A 


Fic. 34. Convergence, intense localized radiation (10 cm. below surface, within a 
paraffin phantom) and divergence of roentgen-ray beams. Film was placed on 
edge across centers of two opposing squares, all portals irradiating. Note the 
clear cut paths of primary radiations and narrow limitations of secondary radia- 
tions. Cross-radiation outside of central rhomboid is illusive if one does not keep 
in mind the third dimension. 


B 


Fic. 3B. Same as Figure 34 except that film was placed on edge, between 
portals, diagonally across the central lead square. 


Ret, 
_ 


TABLE 


COMPARATIVE MEASUREMENTS OF SCATTERED 
RADIATION 


Depth dose vs. skin dose: 190 kv. (peak), 14 
ma. (total), 0.25 mm. Cu inherent, all 4 targets ac- 
tive. At 10 cm. depth in para-wax phantom 15 
r/min. Portals 7 x7 cm. 

Added total of same 4 portals at skin =63.30 
r/min. 63.30/4 =15.80 r/min. per portal, skin dose. 
No filter used outside of the tube wall. 

Measurements taken between ports, starting at 
center and moving chamber 1 cm. for each reading. 


Scattering 
Scattering on throughout 

surface of r/min. phantom at | * min. 

phantom 
Center 4.50 Center 13.00 
Icm. 7.00 Icm. |} 12.88 
2 cm. 11.60 2 cm. 12.25 
3cm.at/4| 16.60 2 cm. 9.75 
4 cm. 13.50 4 cm 6.75 
cm. 9.5 cm 4.00 
6 cm. 4.25 6 cm 725 
7 cm. 7 cm 2.7% 
8 cm. 8 cm 2.25 
g cm. I g cm 1.88 

SKIN 

> 


Note: With proper filtration and elimination of 
some surface scattering, one should obtain a more 
beneficial skin-depth dose ratio. 
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A and B on different levels above and be- 
low area of cross-radiation. By varying the 
position of portals in the diaphragm, the 
angle of convergence and the position of 
the patient, one can reach a definite and 
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Fic. 4. Method employed for comparative r meas- 
urements shown in Table 1. 


identical depth space through from 32 to 
40 portals without cross-radiation outside 
of a tumor except a negligible amount of 
secondary radiation arising within the 


body. 
CONCLUSION 


A method of treatment is described 
whereby one can administer dosage at a 
depth comparing favorably to surface 
therapy, with saving of valuable time. 
Since normal tissues receive minimal dos- 
age, their ratio of recovery is more rapid 
than that of the intensely irradiated tumor 
cells; therefore, the treatment is more 
effective. 
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ROENTGEN-RAY AND ELECTRICAL PROTECTION 
WITH REFERENCE TO ROENTGEN TUBES 


By M. J. GROSS, MLS. 
Tube Department, General Electric X-Ray Corporation 
CHICAGO, ILLINOIS 


was of the schemes that are used to 
obtain roentgen-ray and electrical 
protection around roentgen tubes are very 
old in principle, having been proposed by 
early workers in the field. Progress has con- 
sisted not only of new principles but of 
engineering development that has made 
practical some of these early ideas. It is 
the purpose of this paper to survey the 
more or less successful schemes that have 
been used to obtain protection, with par- 
ticular reference to a few factors that have 
contributed to recent technical advance. 

The need for roentgen-ray protection 
was evident to some careful workers almost 
from the beginning, although there were 
many who ignored the danger even after it 
was well publicized. Lack of adequate 
roentgen-ray protection has undoubtedly 
accounted for more injury than electric 
shock. Fortunately, the proper precautions 
to prevent excessive roentgen dosage to 
patient and technician are well known, but 
unfortunately they cannot be taken care 
of entirely by mechanical design. Even 
with the best equipment, intelligent pro- 
cedure is necessary. Electrical protection, 
on the other hand, can be made almost in- 
dependent of the human element. The need 
for it has gradually increased with the use 
of more powerful and, consequently, more 
dangerous equipment. From the stand- 
point of technique alone, ignoring the possi- 
bility of actual injury, a better psychologi- 
cal reaction results in both technician and 
patient when danger does not have to be 
constantly avoided. 


SURVEY OF THE FIELD 

Early Shields. The putting of radiopaque 
material around a roentgen tube to absorb 
undesired radiation goes back to 1898,' or 


earlier, although it was not until many 
years later that it was generally done. The 


materials first used were paints such as 
white lead coated on wooden boxes (Fig. 1). 
Successive steps forward were the intro- 
duction of lead oxide impregnated rubber 
shields, and lead glass bowls which came 
into use around 1906. Many boxes were 
made which utilized various combinations 
of lead paint, lead glass, lead rubber, and 
metallic lead.2* Apparently one difficulty 
with most of these early shields was that 
they affected somewhat the rather critical 
operation of the gas tubes of those days 
and, consequently, were not always used. 
The closed lead glass shield,’ a decided im- 
provement, did not come into general use 
until about 1917 when the first small bulb 
radiator type Coolidge tubes were intro- 
duced. The closed glass bowl when properly 
assembled offered a real degree of roentgen- 
ray protection and is still in general use. 

Built-in Roentgen-Ray Protection. Early 
attempts were made to use lead glass as 
the actual roentgen tube envelope material. 
In 1905, a Dr. Piffard‘ had several manu- 
facturers make up tubes to his order out 
of lead glass, the results of which he re- 
ported in the New York Medical ‘fournal 
of July 15, 1905 (Fig. 2a). A few tubes of 
this type were made over a number of 
years. Tests on a Piffard tube manu- 
factured about 1910 indicate a protection 
equivalent to about 1/120 inch of lead. 

A much more successful solution was 
made in 1918 with the introduction of the 
first Coolidge lead glass tube* (Fig. 24). In 
a hot cathode type of roentgen tube Dr. 
Coolidge was able to make the glass very 
thick and the bulb size very small without 
sacrificing tube performance. Lead glass 
Coolidge tubes have proved very success- 
ful for moderate voltages and are in ex- 
tensive use today. 

Another kind of built-in protection was 
introduced commercially in 1924, in the 


/ 


Coolidge 100 ma. hooded target tube (Fig. 
2c). The hooded target served the dual 
purpose of increasing the heat capacity of 
the anode and of giving some protection 
against direct radiation in directions other 
than that of the useful beam. In conjunc- 
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As will be seen from Figure 2d, radiation 
other than that in the useful beam must 
traverse at least one-quarter inch of copper 
and at most angles much more. Additional 
description of this tube is given later in the 


paper. 


FIG. 1¢ 
Kic. 1. Roentgen tube shields. a, box by Rollins (1902) consisting of lead glass and wood coated with 


white lead paint; 4, lead oxide impregnated rubber shield; c, lead glass bowl of a type used since 1906; 
d, closed lead glass shield for Coolidge tube (1917). 


tion with a lead glass bowl it gave reason- 
ably good protection. Recently a hollow 
anode tube, which is an extreme case of a 
hooded anode tube, has been designed for 
self-rectified kv. (peak) operation 
(Fig. 2d). Here the hood serves primarily 
to prevent electrons escaping to the glass 
envelope and the protection it gives is 
secondary to this, but none the less real. 


200 


Metallic Lead Protection. In the last few 
years, a number of roentgen tubes have 
been built so that metallic lead canbe 
placed over their outside surface. Coolidge® 
experimented with so-called metal tubes in 
1915 (Fig. 3a). The first tube in com- 
mercial production utilizing metallic lead 
protection was the Philips Company 
Metalix tube!’ having a combination metal 
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and glass envelope as shown in Figure 34. 
Lead is placed over the chrome-iron metal 
central portion, but not grounded. Two 
types introduced by the Siemens Com- 
pany” are shown in Figures 3c and 3d. In 
Figure 3c, a metallic shield is introduced 
inside of the glass envelope and connected 
through the glass to lead over the outside, 
again not grounded. In Figure 3d, a double 


FIG. 


Fig. 2b 


Fic.2. Roentgen tubes with built-in protection. a, Piffard’s safety tube (1905), lead glass except for a 
soda glass window; 4, Coolidge portable tube with thick lead glass envelope (1919); c, Coolidge 100 
ma. hooded target tube (1924); d, hollow anode self-rectified therapy tube (1936). 


glass wall envelope is utilized for the pur- 
pose of keeping electron charges off the 
outer wall, thus allowing lead to be placed 
over the outside central portion and 
grounded. 

In 1931 a different scheme was developed 
by the General Electric Company® (Fig. 
3e). It was found, first, that an ordinary 
simple glass envelope tube could be made 
cylindrical in shape, providing the elec- 
trodes inside were given a particular con- 
figuration, and, second, that by placing a 
thin cylinder of insulating material over 
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the glass, lead could be placed around the 
outside and even grounded without harm- 
ing the tube. The essential element is the 
insulating cylinder which effectively in- 
sulates the lead protection from the tube. 
The scheme has also been applied to ther- 
apy tubes" with as successful results as in 
the diagnostic field. 


Early Electrical Protection. Electrical 
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protection, of a sort, was also obtainable 
early in the history of the use of roentgen 
rays by placing the roentgen tube in a rela- 
tively large immovable box, with insulating 
bushings for bringing in the voltage ter- 
minating high out of reach. Roentgen-ray 
protection was incorporated by lining the 
box with lead. The inflexibility of this 
scheme prevented its adoption in roent- 
genographic work, except in isolated in- 
stances, but it was, and still is, used ex- 
tensively in therapy. Many modifications, 
all essentially the same, are in use, such 
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as putting the tube under a couch, table, 
or on the opposite side of a wall from the 
patient. 

High Voltage Cable. New possibilities in 
electrical protection have been opened by 
gradual technical advance in the cable in- 
dustry making available high voltage cable 
for roentgen use. Such cable must have a 
grounded outer covering; that is, be shock- 
proof, it must be capable of handling the 
high voltages involved in roentgen-ray 
work, and it must be reasonably flexible, 
small in size, and light in weight—require- 
ments which when taken together present 
no easy problem of cable design. High 
voltage cables for power transmission have 
been developed to a high state of relia- 
bility and have been used for many years, 
but they are large and lack the flexibility 
required for this application. However, 
with the industrial experience of cable de- 
sign as a background, considerable progress 
has been made in the last several years in 
cable design and manufacture for roentgen- 
ray use so that reasonably satisfactory 
cable can now be obtained. 

Two types are being used, rubber and oil 
impregnated cambric cloth. Rubber makes 
the more flexible cable of the two, but, on 
the other hand, is the more vulnerable to 
corona and failure at high voltage. Outside 
of the roentgen-ray field the highest voltage 
application of rubber cable has been in 
neon sign work at 15 kv. (peak). Rubber 
compounds have been developed that are 
more corona resisting than the older ma- 
terial and therefore more suitable for high 
voltage. For diagnostic applications in- 
volving voltage up to 100 kv. (peak) (one- 
half of this to ground potential), these new 
rubber compounds are proving quite satis- 
factory. Rubber is also used at the higher 
therapy voltages but here the oil impreg- 
nated cambric type of cable has certain 
advantages. It is not as vulnerable to 
corona and gives more voltage safety factor 
with only slightly less flexibility than rub- 
ber. As yet the highest voltage application 
of cambric cable is in 400,000 volt therapy 
work. It is remarkable that cable for this 
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application needs only to be 3 inches in 
diameter in order to safely stand the 200 
kv. (peak) to ground that is involved. One 
and three-eighths inch diameter cambric 
cable is used in 200 kv. (peak) therapy and 
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Fic. 3. Types of roentgen tubes designed for metal- 
lic lead protection. a, experimental metal anode 
ended tube (1915); 4, essential elements of 
the Philips metal center tube (about 1925); c 
Siemens double glass wall tube (1930); ¢, General 
Electric insulating sleeve type (1931). 


industrial roentgenographic work. Such 
cable will stand double or triple its normal 
rated voltage on a short time breakdown 
test. 

Cable Type Tube Enclosures. The sim- 
plest application of cable is to a tube en- 
closure similar in idea to those used early 
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Fic. 4. 100 kv. (peak) oil-immersed cable type 
roentgen tube for superficial therapy, 
ography to 500 ma., 


roentgen- 
and roentgenoscopy. 


in the art, except that cable rather than 
bushings is used to bring in the voltage. 
The usefulness, however, of a cable type 
tube enclosure depends to a great extent on 
its not being too large or too heavy to be 
angulated or moved around. To help 

this respect, solid insulation and barrriers 
have sometimes been introduced. Another 
logical step has been to fill the enclosure 
with oil. Because oil is both a better electri- 
cal insulator and a better heat conductor 
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than air, it makes possible a smaller roent- 
gen tube and smaller clearances around the 
tube (Figs. 4 and 5). The same advantages 
apply to the use of oil in roentgen equipment 
as apply to its use in other high voltage 
electrical equipment, such as transformers, 
circuit breakers, cables, and condensers. 

Single Unit Type of Oil-Immersed Equip- 
ment. Coolidge® in 191g introduced the 
first oil-immersed shockproof equipment, 
and of quite a different type than that just 
described, consisting of a small roentgen 
tube, high voltage transformer, and _ fila- 
ment transformer placed together ina single 
oil-filled container (Fig. 6). Limitations of 
size and weight at first restricted its use- 
fulness to low power dental equipment. 
Progress in tube, transformer, and circuit 
design has expanded its possibilities so that 
it now has applications ranging from 40 
to 400,000 volts. 

An interesting problem arises with a 
small transformer in a self-rectified tube 
circuit, the desirable combination if all of 
the high voltage equipment is to be put 
into the same tank with the roentgen tube. 
Because the roentgen tube loads the trans- 
former on alternate half cycles only, there 


Fic. 5. 400 kv. (peak) oil-immersed cable type roentgen tube housing. 
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may be an appreciably higher voltage 
across the tube on the half cycle that it is 
blocking voltage than on the half cycle that 
it is passing current. For example, with a 
useful voltage on the roentgen-ray pro- 
ducing half cycle of 70 kv. (peak), the in- 
verse voltage might be 100 kv. (peak). The 
equipment then would have to be designed 
for the 100 kv. (peak) which would make 
it appreciably larger and heavier than if it 
needed only to be designed for 7o kv. 
(peak). 

Inverse Reducer Circuit. To overcome 
this problem a novel circuit has been de- 
veloped, called the inverse reducer circuit" 
(Fig. 7). A rectifier, such as a tungar tube, 
is introduced in series with the /ow voltage 
side of the step-up transformer. This un- 
conventional circuit might not seem to of- 
fer much possibility of improvement, and 
it does only because the transformer is a 
high voltage transformer with an appreci- 
able secondary capacity. On the 
cycle, when the low voltage rectifier tube 
partially disconnects the transformer from 
the line, part of the transformer’s charging 
current is supplied from its own secondary 
capacity current. There are two conse- 
quences, the inverse voltage is distorted in 
wave shape, and the transformer is iso- 
lated from the line voltage rise, with the 
result that the inverse is kept down to 
within 1 or 2 kv. of the useful. In the ex- 
ample given above, of 100 kv. (peak) in- 
verse, 70 kv. (peak) useful, the inverse can 
be kept to71 or 72 kv. (peak). Thus appreci- 
able insulation is saved, with resulting re- 
duction in weight and size. The rectifier 
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Fic. 6. Single unit type of oil-immersed 
roentgen equipment. 


tube, being at low voltage, is not a part of 
the high voltage unit and does not add to 
its weight. 

Self-rectified Roentgen Tube Operation. 
Self-rectified roentgen tube operation, pre- 
viously limited to around 100,000 volts, 
has been extended by recent tube de- 
velopments to 400,000 volts and even 
higher. Until ‘this was done, the putting 
of tube and high voltage equipment into 
one tank was not very practical for ther- 
apy application because of the amount of 
equipment needed to give rectified voltage. 
This situation is changed by the small tube 
shown in Figure 2d designed for 200,000 
volt a.c. operation in oil, and primarily in- 
tended for use in a single unit type of 
equipment. As already mentioned, the tube 
has a hollow anode structure to prevent 
the rebounding and secondary electrons 
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that are given off by the target from get- 
ting to the tube envelope and causing 
trouble due to electron charge phenomena 
on the inside surface of the glass. 

Oil immersion solves the problems of get- 
ting voltage to the tube and of preventing 
surface arc-over, more difficult on alter- 
nating than on direct current. It also makes 
possible a very simple cooling system and 
a very small tube. Without resorting to a 
pressure, circulating, cooling-system a high 
rate of heat dissipation is obtained by con- 
duction through the short, massive, copper 
anode to the radiator, and hence by con- 
duction and convection to the oil. The hol- 
low anode structure allows the target 
source of heat to be very close to the anode 
end of the tube, rather than in the center, 
so that the heat path to the outside of the 
tube is very short. 

Another feature adding to the value of 
the tube on alternating current is a cathode 
structure that can be negatively biased 
(approximately 1,000 volts) with respect 
to the emitting filament for the purpose of 
getting better quality and quantity of radi- 
ation than otherwise would be the case. 
The negatively biased cathode acts as a 
grid, or increased space charge, that makes 
it relatively harder for current to flow at 
low voltage. So, for a given current that 
does flow, and a given peak kilovoltage, 
it gives more and better quality r output. 

Fields of Application. Putting all equip- 
ment into one tank is a cheaper method of 
shockproofing than putting only the roent- 
gen tube in a tank and utilizing high volt- 
age cable to bring in the power supply be- 
cause it eliminates the necessity for addi- 
tional containers, bushings, and cable. The 
only trouble, as already indicated, is that 
in many cases size and weight become pro- 
hibitive. Where size and weight can be 
kept within reasonable limits, and inten- 
sive engineering activity has been directed 
to this end, the single unit method of 
shockproofing is unquestionably the best. 
It is applicable (1) to low power portable 
equipment, (2) to medium power general 
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roentgenographic equipment where maxi- 
mum roentgenographic speed is not re- 
quired, (3) to certain therapy equipments, 
and (4) to industrial roentgenographic 
equipment" where flexibility of movement 
can be obtained even with heavy masses 
through the use of cranes, trucks, or other 
special handling devices. One factor that 
has contributed to its success has been a 
gradual increase in film and intensifying 
screen speed, so that today one unit of 
energy gives as great a film density as two 
units did in 1933, or six units in 1928. A 
related helpful factor has been the smaller 
focal spot roentgen tubes that increase in 
film and screen speed has made possible. 

Weight is also a problem in a cable type 
shockproof tube but with the important 
difference that it is more independent of 
the power involved and the type and com- 
plexity of circuit used. For example, a cable 
type tube for 500 ma. full wave rectified 
roentgenographic work would not be radi- 
cally larger than one for more limited en- 
ergy, but a single unit equipment for this 
energy would be prohibitive in size as far 
as flexibility is concerned. Consequently, 
shockproofing by means of a cable type 
roentgen tube is the indicated method 
where relatively high power combined 
with flexibility of movement is required 
such as in high speed roentgenography, 
and in high power therapy. It is also indi- 
cated where old equipment is to be made 
shockproof with the minimum of new 
investment. 

CONCLUSION 

This survey indicates the great progress 
that has been made in the building of 
roentgen-ray and electrical protection 
around roentgen tubes. Although techni- 
cal advance will undoubtedly continue, 
practical equipments of many types are 
now available. In view of this there is a 
growing conviction that unnecessary risk 
of burn or shock is no longer justifiable, 
and that it is only a matter of time be- 
fore nonshockproof and partially shock- 
proof equipments become obsolete. 
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DIFFRACTION STUDIES ON HUMAN BONE* 


PRELIMINARY REPORT 


By LAWRENCE REYNOLDS, M.D., HENRIETTA S. HAYDEN, Pu.D., 
and K. E. CORRIGAN. Px.D 


DETROIT, MICHIGAN 


UDGING by current literature, much 
J interest is being shown in the diagnosis, 
cause and clinical aspects of Paget’s dis- 
ease, hyperparathyroidism and related con- 
ditions. The possible interrelationships 
between parathyroidism, Paget’s disease, 


Fic. 1. Normal bone. 


Fic. 2. Bone from a case of Paget’s disease. 


multiple myeloma and osteitis fibrosa cys- 
tica are of greatest interest and importance. 
All work so far reported has been directed 
toward the use of the roentgen ray for 
roentgenography and treatment, and chem- 
istry for blood analysis. The application of 
these two tools, roentgen rays and chemis- 
try, to the pathological bone itself, i.e. 


roentgen-ray diffraction studies and quan- 
titative analysis, seemed to us to be a 
worth-while problem. 

The first of the preliminary experiments 
only will be reported here. Further work 
with both roentgen-ray diffraction and 
chemical analysis is being carried on in 
this laboratory and will be reported in the 
near future. 

Roentgen-ray diffraction patterns have 
been made of the powdered bone from: 
(1) the normal rib, (2) the distal phalanx 
of the great toe which showed osteitis 
fibrosa cystica, (3) skull and rib specimens 
showing Paget’s disease. By comparing 
Figures 1, 2 and 3, it can be seen that the 


Fic. 3. Bone from a case of osteitis fibrosa cystica. 


normal bone and bone from Paget’s dis- 
ease show a more or less similar pattern. 
This is the general diagram of apatite! 
which is the primary inorganic constituent 
of normal bone. The pattern of bone from 
the case of osteitis fibrosa cystica is de- 
cidedly different, giving little or no indica- 
tion of apatite structure. 

The difference between the two patholog- 
ical specimens is shown even better in 
Tables 1 and um. It will be noted that the 
spacings as calculated from Bragg’s Law 


* From the Research Laboratory, Department of Roentgenology, Harper Hospital, Detroit, Michigan. 
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are not at all the same, and the most in- 
tense lines, indicated by italicizing, do not 
all occur at the same spacings. 
TABLE | 
OSTEITIS FIBROSA CYSTICA 


dinA 
4-47 
4.14 4.05 4.05 4.05 4.05 4.14 
4.72 3.74 4.78 
3-55 3 +43 3-44 3-43 3-44 3-43 
2 S87 2.82 2 77 2 a7 = 79 2.82 
2.28 
TABLE II 
PAGET'S DISEASE 
dinA 
3.00, 2.00) 7.00) 32.04) 
2.79 2.70) 2 70 2.70 2.70 2.78 2. Po 2.79 2.79 
2.28 2.20 2.29 
I .97 I .97 
1.86 .56 


The work now in progress is aimed to 
establish the composition of the bone and 
its range of variation of composition, and 
help to determine the ultimate molecular 
structure characteristics in these various 
pathological conditions. 

Wilder? has given the chemical composi- 
tion of bone in osteitis fibrosa (Table m1). 
He stated no details of the analysis. 
McCrudden*® has given the analysis of 
normal bone, as have others, and also an 
analysis of bone in osteomalacia (Table 
111). So far, no reference has been found to 
the composition of bone in Paget’s disease. 

Quantitative chemical analyses now 
being carried on in this laboratory indicate 
that small but significant differences can 
be determined. Standard methods are being 
used, the calcium being determined by pre- 
cipitation with oxalate and titration with 
potassium permanganate; phosphorus, 
gravimetrically as pyrophosphate; mag- 
nesium in the filtrate from calcium, is de- 
termined gravimetrically as pyrophos- 
phate, and sulphur gravimetrically as 
barium sulphate. Unusually precise control 
of conditions has been found necessary in 


Diffraction Studies on Human Bone 


order that the percentage error may be 
lessened to such an extent that minute 
differences in composition may be reliably 
detected. It appears that the ordinary pro- 
cedures of the clinical laboratory, mostly 
colorimetric, may lead to different results. 
Wilder has shown the need for precision 


TaBL_e III 


CaO MgO | PO; S 
per cent per cent per cent/per cent 


Normal bone? 


28.85 | 0.14 |] 19.55 | 0.14 
Osteomalacia® 15.44 | | 12.01 | 0.55 
Ca | Mg | P | 


per cent/ per cent/per cent! 
Osteitis fibrosa? 
Crest of iltum | 11.2 
Cortex of femur} 11.5 


since there is only a maximum increase of 
about 0.1 per cent of magnesium in the 
osteomalacia over the normal bone with 
only a total of 0.34 per cent in the patho- 
logical bone. These slight differences may, 
however, be of fundamental importance in 
the marked changes of structure noted, and 
may, in fact, give the key to the problem. 


SUMMARY 


1. Diffraction patterns of bone from 
Paget’s disease and normal bone show an 
apatite structure. 

2. Diffraction patterns of bone from a 
case of hyperparathyroidism show a struc- 
ture different from apatite. 

3. Precise chemical analyses, possibly 
using spectroscopic or roentgen-ray spec- 
troscopic methods, are required. 

4. It is suggested that the findings from 
these methods may have a bearing on the 
correlation of this group of diseases. 
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MULTIPLE ANEURYSMS OF THE SMALLER BRANCHES 
OF THE PULMONARY ARTERY 


emphasizes anew the fact 
that the pulmonary circulation is the 
most vital of the circulatory systems, since 
through this restricted field must pass all 
the blood available for the left heart to 
pump to the various organs of the body and 
only there can the essential gaseous ex- 
changes between blood and air occur. It is 
in the pulmonary circuit that the strain of 
disease of the heart is usually felt as here 
are manifested the early symptoms of heart 
failure. Brenner further says that less is 
known of the pulmonary circulation than 
almost any other part of the pulmonary 
system, and in a series of brilliant papers! 
he has recorded the pathology of the ves- 
sels of the pulmonary circulation. 

The heart and the aorta have been the 
source of considerable study and investi- 
gation since the early days of roentgenol- 
ogy, and with the improvement in equip- 
ment and the revival of interest in the 
kymograph, there has been an increased 
activity in the study of cardiovascular dis- 
eases. The studies, however, have limited 
themselves primarily to the heart and 
great vessels because of the apparent in- 
ability to visualize the smaller arterioles 
except by injection of opaque media intra- 
venously, which method has not as yet 
been perfected to the point of use without 
fear of mishap or harm to the patient. 

That the smaller branches of the pul- 
monary artery are often the seat of mul- 
tiple aneurysms which may be definitely 
diagnosed roentgenographically is not gen- 
erally known. Barnes and Stedem,? in 1933, 


! Brenner, O. Pathology of the vessels of the pulmonary circu- 
lation. Arch. Int. Med., 1935, 56, 211; 4573; 724; 976; 1189. 

? Barnes, J. M., and Stedem, D. E. Multiple aneurysms of the 
smaller branches of the pulmonary artery. Am. J. RoENTGENOL. 
& Rap. THERAPY, 1933, 30, 443-448 


in a comprehensive article and report of 
cases, called attention to the possibility of 
making such a diagnosis. 

Aneurysms of the stem and main artery 
are rare. Jennes’, in a report in 1936, had 
been able to find only 122 cases previously 
described in the literature, to which he 
adds two cases. If aneurysms of the stem 
and main arteries of the pulmonary branch 
are rare, the aneurysms which involve the 
smaller branches are much rarer, and 
Barnes and Stedem say that less than Io 
per cent of the entire group reported in- 
volved the smaller branches. 

The etiological factor in these peripher- 
ally located aneurysms has not been well 
determined. By far the larger number of 
them includes the mycotic type aneurysms 
and a smaller group those of unknown etiol- 
ogy. Then, too, another difficulty in mak- 
ing a diagnosis is that there is no clear cut 
clinical syndrome. The patients are usually 
young and many of them show a tendency 
to bleeding from the nasal or oral mucous 
membranes, and not infrequently an asso- 
ciated heart lesion may be present. Epis- 
taxis or hemoptysis may lead to an anemia 
which may at times become quite severe. 
Another factor which militates against the 
recognition of peripheral aneurysms is their 
already mentioned rarity, with the result 
that they are seldom if ever thought of. 

Barnes and Stedem in their report called 
attention to three cases in which roentgen 
studies had been made; in one the findings 
were indeterminate, in another they were 
interpreted as tuberculosis, and in the 
third the findings in the chest were inter- 
preted as pulmonary metastases. However, 

+ Jennes, S. W. Diffuse aneurysmal dilatation of pulmonary 


artery and both of its branches. Bull. Johns Hopkins Hosp., 1936, 
$95 133-142. 


289 


290 


a review of the films, in the light of the 
post-mortem findings, impressed Barnes 
and Stedem with the fact that a closer 
scrutiny of the films in suspected cases of 
pulmonary aneurysms might avoid such 
errors in diagnosis. The particular point in 
their diagnostic evidence of aneurysms in- 
volving the smaller branches of the pul- 
monary circulation is that “each of the 
rounded densities in the lung fields shows 
a definite vascular connection with the 
hilus.”’ This they believe is one of the char- 
acteristic differentiating points. However, 
these lesions must be differentiated from 
pulmonary metastases and discrete tuber- 
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culous deposits, especially those of a hema- 
togenous distribution, or the nodular type 
of primary pulmonary carcinoma. It is a 
well-known fact pathologically that aneu- 
rysms of the smaller pulmonary arteries in 
the walls of tuberculous cavities are com- 
mon and are an important cause of copious 
hemoptysis. While multiple aneurysms of 
the smaller branches of the pulmonary ar- 
tery are supposedly rare, they may be 
more common than is generally believed 
and the suggested roentgen sign to which 
Barnes and Stedem have called attention 
may aid in a differential diagnosis in this 
somewhat obscure condition. 


ALUMIN-IUM AND ALUMIN-UM 


* THE United States chemists, physi- 
cists, radiologists, and others have 
adopted the term alumin-um and have thus 
shown a peculiar unwillingness to distin- 
guish between the pure and the impure 
substance. Even some university profes- 
sors and chairmen of committees on 
scientific nomenclature have continued to 
employ the ending wm instead of conform- 
ing to the European practice. 

When in 1808 Davy discovered the sub- 
stance now called alumin-um, he first gave 
to the element the name of “alum-ium.” 
Later, in 1912, he changed this to alumin- 
um. Since then, in European countries, the 
name has been changed to alumin-ium in 
order to bring it in harmony with the 
classic or traditional ending “ium”’ for all 
the elements. The name of the element 
glucin-um has undergone a similar change 
and it is now called glucin-ium in most 
European countries. The only notable ex- 
ceptions to this tendency affect the ele- 
ments platinum, molybdenum and tanta- 
lum which have retained the ending um 
probably because platin-ium, molybden- 
ium and tantal-ium would be rather awk- 


ward to pronounce. 

kor some reason American scientists and 
others have been loath to follow the ex- 
ample of their European colleagues in 
adopting the ending ium as much as pos- 
sible. Whether this has been due to force 
of habit or to the well known aversion to 
“copy Europe’”’ is not clear. Perhaps both 
factors have played a part in this show of 
American independence. A third reason, 
which may be still more potent than those 
mentioned, is the tremendous influence of 
industry on American life and thought and 
the widespread use of utensils made of 
commercial or impure alumin-um. Alu- 
minum pots and pans are used in every 
kitchen, and various alloys of aluminum 
are widely used in the manufacture of an 
increasing number of products. 

But when a chemist, physicist or radiolo- 
gist refers to the element or to the pure 
metal, the ending ium might well be 
adopted in order to make a clear distinc- 
tion between the pure and impure sub- 
stances and to conform with international 
usage. 

A. U. DesjarpIns 
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WILBUR S. WERNER 


1895 


N THE passing of Wilbur S. Werner, 

President of the Kelley-Koett Manu- 
facturing Co., of Covington, Ky., the 
radiologists of America have lost a faithful 
friend and helpful coworker. Mr. Werner 
was born July 14, 1895, and died at Min- 
neapolis December 16, 1937, after a brief 
illness with pneumonia. In 1917, after his 


1937 


graduation from Miami University, he 
entered the employ of the Kelley-Koett 
Co. as electrical engineer, served it there- 
after in various executive capacities, and 
eventually became its head. 

Throughout his twenty years of service, 
Wilbur Werner strove earnestly and success- 
fully to design and produce roentgenologic 
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apparatus that would meet the complex 
and ever growing needs of the radiologic 
profession. In recognition of his extra- 
ordinary competence in this field, he was 
chosen in 1929 by the President of the 
United States to serve on a committee of 
three, The National Advisory Committee 
for X-ray and Radium Protection. To 
every radiologist with new and practicable 
ideas as to equipment he gave sympathetic 
attention and generous cooperation. From 
this cooperation and from his own initia- 
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tive came many devices and improvements 
that have contributed materially to the 
advance of radiology. 

A man of natural and unimpeachable 
integrity himself, Wilbur Werner always 
respected the ethical ideals and traditions 
of radiologic medicine. To his high attain- 
ments and sterling honesty he added so 
much of modesty, good fellowship and per- 
sonal charm that all who knew him will 
long pay tribute to his memory. 


B. R. Kirk Lin 
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SOCIETY PROCEEDINGS, CORRESPONDENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


UniTED STATES OF AMERICA 

AMERICAN ROENTGEN Ray Society 
Secretary, Dr. C. B. Peirce, University Hospital. Ann 
Arbor, Mich. Annual Meeting: Atlantic City, Sept. 20- 
23, 1938. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Dr. E. L. Jenkinson, 1439 S. Michigan Ave., 
Chicago, Ill. Annual meeting, 1938: To be announced. 

SEcTION ON RaptoLocy, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: San Francisco, Calif., June 13-17, 
1938. 

RapIoLocicaL Society or NortH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting, 1938: To be announced. 

RADIOLOGICAL SEcTION, BALTIMORE CiTy MEDICAL SociETY 
Secretary, Dr. Howard H. Ashbury, Baltimore. Meets 
third Tuesday each month, September to May. 

RaDIOLoGIcAL SectTion, Connecticut MeEpIcAL SocIETY 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets twice annually in May and September. 
Special meetings may be called by the Chairman. 

RaDIOLoGiIcaL Section, Los ANGELES County MEDICAL 
SociETY 
Secretary, Dr. M. L. Pindell, 678 S. Ferris Ave., Los 
Angeles, Calif. Meets on second Wednesday of each 
month at County Society Building. 

RADIOLOGICAL SECTION, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brookiyn RoenTGEN Ray Society 
Secretary, Dr. E. Mendelson, 120 E. 19th St., Brooklyn, 
N. Y. Meets monthly on first Tuesday, October to April. 

Burra_o RapDIoLocicaL Society 
Secretary-Treasurer, Dr. Joseph S. Gian-Franceschi, 610 
Niagara St., Buffalo, N. Y. Meets second Monday of 
each month except during summer months, place of 
meeting selected by the host. 

CuicaGo ROENTGEN SOCIETY 
Secretary, Dr. R. G. Willy, 1138 N. Leavitt. Meets 
second Thursday of each month October to May inclu- 
sive at the Palmer House. 

CINCINNATI RADIOLOGICAL SOCIETY 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincin- 
nati, Ohio. Meets third Monday of each month, Octo- 
ber to May, inclusive. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Harry Hauser, 3395 Scranton Rd. 
Meetings are held at 6:30 p.m. at the Cleveland Chamber 
of Commerce Club rooms on the fourth Monday of each 
month from October to April, inclusive. 

DENVER RADIOLOGICAL CLUB 
Secretary, Dr. E. A. Schmidt, 4200 E. gth Ave., Denver, 
Colo. Meets third Tuesday of each month. 

Detroir RoENTGEN Ray AND Rapium Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 

FLORIDA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Harold O. Brown, Tampa, Florida. 
Meetings held twice a year, May and November. 

GeoraiA RADIOLOGICAL SociETY 
Secretary, Dr. R. C. Pendergrass, Prather Clinic Bldg., 
Americus, Ga. Meets twice annually: in November and 
at annual meeting of Medical Association of Georgia in 
the spring. 

RaDIOLoGIcAL SociETY 
Secretary, Dr. Cesare Gianturco, 602 W. University Ave., 
Urbana, Ill. Regular meetings held quarterly. 


INDIANA ROENTGEN SOCIETY 
Secretary, Dr. C. C. Taylor, Indianapolis, Ind. Meeting 
held the second Sunday in May annually. 

Lonc Istanp Society 
Secretary, Dr.S.G. Schenck, 115 Eastern Parkway, Brook- 
lyn, N. Y. Meetsat Kings County Med. Soc. Bldg. on third 
T hursday of each month from October to May, at 8:30 P.M. 

MIcuIGAN AssocIATION OF ROENTGENOLOGISTS 
Secretary, Dr. C. S. Davenport, St. Lawrence Hospital, 
Lansing. Three meetings a year, Fall, Winter, Spring. 

MILWAUKEE ROENTGEN Ray Society 
Secretary, Dr. S. A. Morton, Columbia Hospital, Mil- 
waukee, Wis. Meets monthly. Place of meeting named 
by the president. 

Minnesota RADIOLOGICAL SOCIETY 
Secretary, Dr. H. M. Weber, Mayo Clinic, Rochester, 
Minn. 

NEBRASKA RADIOLOGICAL SCIETY 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets first Wednesday of each month, at 6 P.M., 
at either Omaha or Lincoln. 

New EncLAnD ROENTGEN Ray Society 
Secretary, Dr. E. C. Vogt, 300 Longwood Ave., Bos- 
ton, Mass. Meets monthly on third Friday, Boston 
Medical Library. 

Rapio.ocicat Society or NEw JERSEY 
Secretary, Dr. P. S. Avery, New Brunswick, N. J. Meets 
annually at time and place of State Medical Society. 
Mid-year meetings at pla ace designated by the president. 

New York RoenTGEN Society 
Secretary, Dr. H. K. Taylor, 667 Madison Ave., New 
York. Meets monthly on third Monday, New York 
Academy of Medicine, at 8:00 P.M. 

NortH RoEenTGEN Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

CenTRAL New York RoentGEN Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syra- 
cuse. Three meetings a year—January, May, November. 

Paciric RoENTGEN CLuB 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of Cali- 
fornia Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport, 
Pa. Two day annual meeting, May, 1938. Exact date and 
place to be decided. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. B. R. Young, Temple University Hospital. 
Meeting first Thursday of each month from October to 
May inclusive, at 8:15 p.M., in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

PirtsBURGH ROENTGEN SOCIETY 
Secretary, Dr. H. N. Mawhinney, Mercy Hospital. Two 
fall and two spring meetings—time and place designated 
by the president. 

Rocuester Roentcen Ray Society, Rocuester, N. Y. 
Secretary, Dr. Camp C. Thomas, 476 Lake Ave. Meets 
on second Thursday from October to May, inclusive, 8 
p.M., Rochester Academy of Medicine Building. 

Sr. Louts Society oF RADIOLOGISTS 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets fourth Wednesday of October, January, Marc 
and May, at a place designated by the president. 

Sawn Francisco Rapio.ocicat Society 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 


*Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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cisco. Meets monthly on first Monday at 7:45 P.M., 
alternately at Toland Hall and Lane Hall. 
Soutn Caro.ina X-Ray Society 
Secretary, Dr. R. B. Taft, 105 Rutledge Ave., Charleston. 
Meets at time and place of South Carolina Medical Assn. 
TENNESSEE RADIOLOGICAL SocIETY 
Secretary, Dr. F. B. Bogart, 311 Medical Arts Bldg. 
Chattanooga, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association. 
Texas RADIOLOGICAL 
Secretary Dr. G. D. Carlson, 3121 Bryan St., Dallas, 
Texas. Next regular meeting in San Antonio. 
Universiry or MicuiGAN DEPARTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Secretary, Dr. C. B. Peirce, University Hospital, Ann 
Arbor, Mich. Meets each Monday evening from Septem- 
ber to June, at 7 p.m. at University Hospital. 
University oF Wisconsin RADIOLOGICAL CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 
VirGIniA RaDIOLoGIcaL Society 
Secretary, Dr. V. W. Archer, University Hospital, Uni- 
versity, Va. Meets annually in October. 
CusBa 
SociEDAD CUBANA DE Y FISIOTERAPIA 
Secretary, Dr. Francisco Padron, Enrique, Villuendas 64, 
Havana, Cuba. Meets monthly in Havana. 


British Empire 

British InstiruTe oF RapioLocy INCORPORATED WITH 
THE RONTGEN Society 
Meets on the third Thursday of each month, from No- 
vember to June inclusive, at 8:15 p.M., at 32 Welbeck St., 
London, W. 1, or as advertised. 

Section or RapioLtocy or THE Royat Society or 
Mepicine (Conrinep ro Mepicat MEMBERS) 

Meets on the third Friday of each month during the 
winter at 8:15 p.m. at the Royal Society of Medicine, 
1, Wimpole St., London, W. 1. 

Secrion oF Rapiotocy anp Mepicat Evecrriciry, Aus- 
TRALASIAN MeEpicat ConcreEss 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MEpIcAL AssociaTION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to Nov. incl. for scientific discussion. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. C. Singleton, Medical Arts Bldg., To- 
ronto, 5, Ontario. 

Section on RaproLocy, Canapian MEDICAL AssociATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext., Halifax, N.S. 

Section, New ZEALAND BritisH MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 

ConTINENTAL Europe 

Society OF RoENTGENOLOGY 
Secretary, Dr. J. Boine, Avenue des Alliés, 134, Louvain 
(Belgium). 

Meets monthly on second Sunday at d’Egmonds Palace, 
Brussels, except in the summertime. 

Socrepap EspaNota Rapio.ocia y ELecTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7, Madrid, 
Spain. Meets monthly in Madrid. 

pe RaprioLocie MEpIcALE DE FRANCE 
Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Seine, Paris. 

SocrETE Suisse DE RapIoLocie (SCHWEIZERISCHE RONT- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean, La 
Chaux de Fonds. 

Secretary for German language, Dr. Scheurer, Molz- 
gasse, Biel. 

Meets annually in different cities. 
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SociETE FRANCAISE D’ELECTROTHERAPIE ET DE RADIOL- 
ociE MEDICALE 
Meets monthly on fourth Tuesday, except during month 
of August and September, 12 Rue de Seine, Paris. 

ASSOCIATION OF GERMAN ROENTGENOLOGISTS AND RaApI- 
OLOGISTS IN CZECHO-SLOVAKIA 
Secretary, Dr. Walter Altschul, German University, 
Prague, 11.52. 

DeuTsScHE RONTGEN-GESELLSCHAFT (GESELLSCHAFT FUR 
RONTGENKUNDE UND STRAHLENFORSCHUNG) 

Meets annually in April, alternating one year in Berlin, 
one year in some other German city. Meets in addition 
every two years with the Gesellschaft deutscher Natur- 
forscher und Aerzte. 

Permanent Secretary, Professor Dr. Haenisch, Klopstock- 
strasse 10, Hamburg, Germany. 

Sip- unp WEsTDEUTSCHE RONTGENGESELLSCHAF1 
Meets annually in different cities. 

Norp- UND OsTDEUTSCHE RONTGENGESELLSCHAFT 
Meets annually in different cities. 

Dutcu Society or ELectTROLOGY AND ROENTGENOLOGY 
Holds two meetings a year in Amsterdam, one in the 
Spring, and one in the fall. 

Socreta ITALIANA Rapro.ocia MepIca 
Secretary, M. Ponzio, University of Turin, Prof. Turin. 

SociETATEA ROMANA DE RADIOLOGIE st ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Mariacine, 30, 
S. I., Bucuresti, Roumania. 

Meets second Monday in every month with the ex- 
ception of July and August. 

RoentGen Ray Association, LENINGRAD, 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson, 
Meets annually. 

LENINGRAD ROENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock State Insti- 
tute of Roentgenology and Radiology, Leningrad. 

Moscow RoentGEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. 

Meets monthly on the first Monday at 8 o'clock, the 
place of meeting being selected by the Society. 

Po.isu Society oF RADIOLOGY 
Secretary, Dr. Jan Kochanowski, 45 Gornoslazka St., 
Warsaw. Meets annually. 

Warsaw Section, Society or RADIOLOGY 
Secretary, Dr. B. Krynski, 11 Zielna St. 

Meets once a month except in the summertime. 
SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. Each of the fol- 
lowing societies, with exception of the Denmark Society, 
meets every second month except in the summertime: 
Society or Mepicat RapIioLocy SWEDEN 
Meets in Stockholm. 

Society or Mepicat 1n Norway 
Meets in Oslo. 

Society or Mepicat Rapro.tocy DENMARK 
Secretary, Dr. G. Biering, Copenhagen. 
Meets on the second Wednesday of each month from 
October to July in Copenhagen, at 8 o’clock in the 
State Institute of Roentgenology. 

Society or Mepicat IN FINLAND 

Meets in Helsingfors. 

VIENNA ROENTGEN SOCIETY 
Meets first Wednesday of each month, at 6:30 P.M. at 
Zentral-R6ntgen Institut des allgemeinen Krankenhauses 


Alserstrasse 4. — 


Japan X-Ray AssociaTION 
c/o Orthopedic Surgery, Tokyo Imperial University. 
Meets annually in April. 

Kinki RoENTGEN-ABEND SOCIETY 
Director, Dr. Prof. Taiga Saito, Ogawaoike Tyoto 
Japan. Meets bi-monthly on third Sunday. 
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RECOMMENDATIONS OF THE INTERNATIONAL 
COMMITTEE FOR RADIOLOGICAL UNITS 


(CHICAGO 


INTRODUCTION 

URSUANT to the reference to gamma- 

ray dosage in the recommendations of 
the International Committee at its 1934 
meeting in Zurich, it is now considered that 
sufficient evidence exists for the provi- 
sional adoption of a single unit, the roent- 
gen, as the unit of quantity, not only for 
x-rays but also for gamma rays. To do this 
it is necessary to adopt a somewhat more 
generalized definition of the roentgen and 
this is given below. It is proposed that this 
definition be regarded as provisional and 
that a more exact definition to include all 
classes of radiation be prepared for the 
next Congress. 

Section A. Units 
. The International Unit of guantity or 

po of x-rays or gamma rays shall be called 
the “roentgen” and shall be designated by 
the symbol “‘r”’ 


The roentgen shall be the quantity of 


x- or gamma-radiation such that the asso- 
ciated corpuscular emission per 0.001293 
gram of air produces, in air, ions carrying 
1 e.s.u. of quantity of electricity of either 
sign. (See Appendix Note 1.) 

3. Measurements of radiation quantity 
shall be expressed in roentgens. Measure- 
ments of dosage rate shall be expressed in 
roentgens per minute. 


Section B. Dose or the Specification of the 
Conditions of X-Ray Treatment 

4. In the description of the conditions 
of x-ray treatments, distinction shall be 
made between the quantity of radiation 
measured in air and the quantity of radia- 
tion estimated to have been received 
by the tissue. Since the symbol, r, is re- 
served for the unit, the amount of the dose 
may be designated by the letter, D. The 
use of subscripts is suggested to distinguish 
dosage measurement made under different 


1937) 


conditions; e.g., in free air—D,; at the sur- 
face of the skin (including back-scattering) 
Dy, etc. (See Appendix Note 2.) 


The specifications of treatment con- 
shall include the following: 


I. Quantity—The quantity of radia- 
tion (expressed in roentgens) esti- 
mated to have been received by the 
lesion. 

Il. Quality—(a) The spectral energy 
distribution of x-radiation shall be 
designated by some suitable index, 
called quality. For most medical 
purposes it is sufficient to express 
the quality of the x-radiation by 
the half-value layer in a suitable 
material. 

Up to 20 kv. (peak) cellophane or 
cellone 

20-120 kv. (peak) aluminum 

120-400 kv. (peak) copper 

400 kv. up (peak) tin 

For a more definite specification of 

the quality of the radiation the 

complete absorption curve in the 
same material is preferable. 

(6) Material and thickness of filter, 
including tube walls. 

(c) Target material. 

lil. Technique 

) Total quantity of radiation per 
field (incident and emergent) 
received in an entire course of 
treatment. 

(4) Quantity of radiation per field 
measured at the surface (Do) at 
each individual irradiation. 
The dosage rate expressed in 
r/min. during each individual 
irradiation. 

(d) The total time over which a 
course of treatments is spread. 
The time interval between suc- 
cessive doses. 
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(f) The target-skin distance. 
(g) The number, dimensions and lo- 
cation of the ports of entry. 


Section C. Dose or the Specifications of the 
Conditions of Gamma-Ray Treatments 


6. The specification of the conditions of 
gamma-ray treatments should, where pos- 
sible, include statements of: 


1. Quantity—The total quantity of ra- 
diation (expressed in roentgens) 
estimated to have been received by 
the lesion. 


Il. Particulars of Radium Source 
(a) The total amount and nature of 

radioactive substance employed 

(expressed as equivalent milli- 

grams of radium element). 

Type, number and distribution 

of the containers. 

(c) The material and thickness of 
filters and the nature of the 
material externally adjacent to 
the skin. 


(d) 


ITT. 


Technique 

(a) In the case of surface applica- 
tors or “large radium units,” the 
quantity of radiation per field 
at the surface. 

(4) The dosage rate during each 
individual irradiation. 

(c) The total time over which a 

course of treatments is spread. 

The time intervals between suc- 

cessive irradiations. 

(e) In the case of surface applica- 

tors or large radium units, the 

radium-skin distance. 

The number, dimensions and 

situations of the ports of entry. 


(f) 


Section D. Instruments 


7. The following types of apparatus are 
suggested as suitable for the measurement 
of quantity in roentgens: 


(a) X-ray Primary Standards—The free 
air chamber shall be used for free 
air measurements for all wave- 
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lengths down to the practical limit 
set by the consideration that the 
chamber must be of such width and 
length that the full ionization pro- 
duced by the corpuscular emission 
from air is measured in accordance 
with the definition. An_air-wall 
chamber which meets the require- 
ments of the definition may be used 
for harder radiations. 


(6) X-ray Practical Instruments—The 
air-wall chamber may be used for 
clinical measurements of x-ray quan- 
tity over the entire voltage range. 

(c) Gamma-ray Standards and Practical 
Instruments—The air-wall chamber 
may be used for the measurement of 
primary, scattered or a combination 
of both radiations. 


8. Instruments used to measure radia- 
tion quantity or dosage may conveniently 
be called dosemeters and dosage-rate (or 
dose-rate) meters, respectively, and shall 
be calibrated in roentgens or roentgens per 
minute. 


g. The calibration readings of dose- 
meters and dosage-rate meters should be 
independent of the wave-length within the 
range for which they are designed or used. 


10. Dosemeters and dosage-rate meters 
should be provided with suitable arrange- 
ments (e.g. standard radium source, Bron- 
son leak, or capacity sharing device) for 
checking the reproducibility of their read- 
ings. 

11. The calibrations of dosemeters or 
dosage-rate meters should be tested peri- 
odically by a recognized testing laboratory 
over the range of wave-lengths for which 
they are designed or used. 


12. The National Standardization Lab- 
oratories shall be invited to undertake 
standard measurement and the calibration 
of dosemeters relative to all forms of radia- 
tion therapy to which these recommenda- 
tions may apply. They shall also be invited 
to issue joint reports from time to time 
thereon. 


VoL. 


Note 
of 
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Section E. Appendix 
I. 0.001293 gram is the mass of I cc. 
dry atmospheric air at o°C and 760 


cm. of mercury pressure. 


Note 


2. For example: In a hypothetical 


case of medium x-rays 


The dose measured in air, D equals 300 r 
The dose measured at the surface, Dy 
equals Soo r 

The dose measured at X cm. depth, Dx 
equals 200 r 

(D is not to be confused with the energy 
actually absorbed by the tissue.) 


Section F. Rules Governing the Selections 
and Work of the International Committee 


I 3. 


for Radio'ogical Units 


The International Committee on 


Radiological Units shall be governed by 
the following rules: 


(a) The 


(d) 


(c) 


International Committee on 
Radiological Units (I.C.R.U.) shall 
be composed of two representatives 
from each country sending delegates 
to the Congress. These representa- 
tives shall be chosen by the Na- 
tional Committee of Delegates for 
each country. However, any country 
having a National Standardization 
Laboratory may have three repre- 
sentatives, one of whom shall be 
appointed by such laboratory, but 
the representatives from a single 
country shall always include one 
radiologist and one physicist. 

The nominations of the above named 
representatives of each country shall 
be communicated through the dele- 
gates of that country to the Secre- 
tary of the Executive Subcommit- 
tee of the International Committee 
on Radiological Units at least thirty 
months before the next Congress. 
In case new representatives shall not 
have been appointed or their nomi- 
nations not have. been furnished 
within the time and in the manner 
above specified, the former repre- 
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sentatives shall be retained and con- 
sidered to have been re-appointed. 
In the event of a representative 
being unable to attend the I.C.R.U. 
meetings, a substitute may be ap- 
pointed by the national delegation 
through its chairman. Similar sub- 
stitute appointments may be made 
by the directors of the National 
Laboratories. 

The continuance of the policies and 
records of the I.C.R.U. shall be in 
the hands of the standing Executive 
Subcommittee, consisting of six 
members elected by the I.C.R.U. 
from among the members of the 
whole Committee. 

The members of the Executive Sub- 
committee shall be elected to serve 
for terms of nine years each. The 
two senior members shall automat- 
ically retire at the end of each Con- 
gress but shall be eligible for re- 
election. A meeting of the I.C.R.U. 
shall be called on the first day of 
Congress to fill any vacancies exist- 
ing in the Executive Subcommittee. 
The Executive Subcommittee of the 
I.C.R.U. shall elect its own Chair- 
man and Secretary from among its 
members. The Secretary shall be 
custodian of all records and papers 
relating to the work of the Com- 
mittee. 

The Executive Subcommittee shall 
familiarize itself with the progress 
in the field of dosimetry and prepare 
the program to be submitted to the 
main Committee for discussion. A 
preliminary report thereon shall be 
published and circularized to all 
members of the I.C.R.U. at least 
six months before the meeting of the 
Congress. The final agenda for the 
meeting shall be prepared by the 
Executive Subcommittee on the first 
day of the Congress. The Executive 
Subcommittee shall report to the 
I.C.R.U. on all matters presented to 
it. 


(e) 
| 
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(h) Meetings of the I.C.R.U. shall be 
presided over by the Chairman, 
selected from the country in which 
the Congress is held. He shall be 
assisted, as may be necessary, by 
the Executive Subcommittee. 

(i) A résumé of any formal discussion 
presented at a meetingof theI.C.R.U. 
by any member must be submitted 
in writing by such member to the 
Secretary of the Executive Subcom- 
mittee before the same shall be 
accepted for inclusion in the minutes 
of the meeting. 


Members of the Subcommittee 


H. Behnken, Chairman—Term, nine 
years, 

L. S. Taylor, Secretary—Term, nine 
years, 


EK. Pugno-Vanoni—Term, six years, 
1. Solomon—Term, six years, 

R. Sievert—Term, three years, 

F. L. Hopwood—Term, three years. 


Members of the International Committee for 
Radiological Units Preparing the 

Above Report: 

G. Failla, Honorary Chairman, U.S. A., 

I. Solomon, Chairman, France, 

L. S. Taylor, Secretary, U.S.A. 

G. Schwarz, Austria, 

J. Juul, Denmark, 

H. M. Hansen, Denmark, 

H. Holthusen, Germany, 

H. Behnken, Germany, 

W. Friedrich, Germany, 

F. L. Hopwood, Great Britain, 

G. W. C. Kaye, Great Britain, 

N. S. Finzi, Great Britain, 

A. Lambadarides, Greece, 

D. den Hoed, Holland, 

A. Bouwers, Holland, 

M. Ponzio, Italy, 

E. Pugno-Vanoni, Italy, 

M. Tanaka, Japan, 
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K. Inouye, Japan, 

J. Jovin, Roumania, 
E. C. Ernst, U.S.A., 
R. R. Newell, U.S.A. 


DR. STEVENS HONORED 


The January, 1938, issue of Radiology 
is dedicated to Dr. Rollin Howard Stevens 
of Detroit on the occasion of his seventieth 
birthday, a recognition which is well 
merited. On the evening of January 28, 
Dr. Stevens was guest at a dinner given in 
honor of the occasion by the Detroit Der- 
matological Society, the Detroit Roentgen 
Ray and Radium Society and the members 
of the staff of Grace Hospital, Dr. Stevens 
being the chief of their department of 
radiology. Dr. Francis Carter Wood, Pro- 
fessor of Cancer Research, Columbia Uni- 
versity, was the guest speaker. Many 
tributes were paid to Dr. Stevens person- 
ally and to his outstanding attainments in 
the field of radiology. 


AWARD FOR RESEARCH 
WORK 


Second Notice 


A David Anderson-Berry Gold Medal, 
together with a sum of money amounting 
to about £100, will be awarded in July 
1938 by the Royal Society of Edinburgh 
to the person, who, in the opinion of the 
Council, has recently produced the best 
work on the nature of X-rays in their 
therapeutical effect on human diseases. A 
similar award will be made every three 
years. 

Applications for this prize are invited. 
They may be based on both published and 
unpublished work and should be accom- 
panied by copies of the relevant papers. 

Applications must be in the hands of the 
General Secretary, Royal Society of Edin- 
burgh, 22 George Street, Edinburgh, 2, by 
Fune 1, 1938. 


BOOK REVIEWS 


Books Received Are Acknowledged under Heading: Books Received. This must be regarded as a sufficient return 
for the courtesy of the sender. Selections will be made for review in the interests of our readers as space permits. 


Neuroocy. By Roy R. Grinker, M.D., Chair- 
man, Department of Neuropsychiatry of the 
Michael Reese Hospital, Chicago. Kormerly 
Associate Professor of Neurology and Psy- 
chiatry, The University of Chicago. Second 
edition. Cloth. Price, $8.50. Pp. ggg, with 406 
illustrations. Springfield, Illinois: Charles C 
Thomas, 1937 


There is ample evidence that, in preparing 
the second edition, Grinker has worked seri- 
ously to revise and amplify an already excellent 
book. The order and designation of chapters 
remains unchanged though many are added to. 
This is particularly true of Chapter xvi on 
“The Cerebral Cortex’? where the new work 
on cortical action currents is now included. 
Figure 161 gives the findings of Kornmiiller in 
this field. At numerous points, Grinker has in- 
serted other valuable tables such as that of 
motor functions after J. C. McKinley; the 
comparison of antagonistic action of ortho- 
sympathetic and parasympathetic systems, 
after Jellitte; the functions of eye muscles after 
Favill and a new table for preliminary tech- 
nique for identifying microbes in cerebrospinal 
fluid after Williams. This textbook in both 
editions stands conspicuous in its wisely gener- 
ous attention to “Muscle Tone” and “The 
Extrapyramidal Motor System.” In the chap- 
ter on “‘Muscle Tone,’ the author now omits 
the formerly included speculations of Kubie 
regarding the etiology of hyperkinetic spon- 
movements. In Chapter xxi on 
“Primary Infections of the Central Nervous 
System” one finds three new subdivisions, a 
review of the St. Louis, 1933, epidemic of en- 


taneous 


cephalitis, a discussion of disseminated en- 
cephalomyelitis and separate attention to the 
vaccinial type of disseminated encephalomye- 
litis. The new use of quinine in the myotonias 
and the value of physostigmine in myasthenia 
gravis are both described. All these features 
serve again to emphasize the up-to-dateness of 
this edition. 

The discussion of multiple sclerosis has been 
removed from the chapter on primary infec- 
tions of the central nervous system to that 


dealing with the degenerations 
with which most will agree. 

The references at the end of each chapter are 
now alphabetically arranged and this is an 
improvement. 


an alteration 


All in all, this is a book of great competence 
and breadth of view. It can serve well even a 
trained neurologist in a field which is so com- 
plex and deserves to be in the hands of any 
pupil or practitioner particularly interested in 
diseases of the nervous system. 


Tuomas K, Davis 


Dit ZUVERLASSIGKEIT DER RONTGENDIAGNOS- 


TIK——BESONDERS HINSICHTLICH DES WERTES 
DER UROGRAPHIE—UND DIE PROGNOSE BEI 
NIEREN- UND HARNLEITERSTEINEN. (Acta 


radiol., Suppl. xxxir.) Von Helge B. Wulff. 
Paper. Price, Swed. cr. 15:- Pp. 301, with 29 
illustrations. Stockholm: 1936. 


In this monograph Wulff compares the uro- 
logic material (1,085 cases) of the Surgical Clinic 
in Lund from 1923 to 1933 before the days of 
urography with that of the years 1933 to 1936 
after the adoption of the method, with special 
reference to the diagnosis of stone in the kidney 
or ureter. He points out that even though urog- 
raphy was of the greatest value in the diagnosis 
of lithiasis, there was still a group of about 25 
per cent of clinical cases of ureteral stone in 
which the examination gave negative results. 
With regard to the prognosis of stone, Wulff 
believes that recurrence of stone can be ex- 
pected in about 25 per cent of the cases and 
this within two years after operation. “Re- 
currence” is much higher in non-operated 
cases. 

The author’s analyses of the results of his 
investigation are very well presented, and each 
statement he makes is founded on abundant 
clinical, roentgenological and statistical proof. 
This book merits the attention of all whose 
interest lies in any of the urologic aspects of 
roentgenology. As is the case with all printed 
material of the Acta radiologica, the production 
of this monograph leaves nothing to be desired. 


E. T. Leppy 
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TRAITE PRATIQUE DE CURIETHERAPIE. TOMEI: 
GENERALITES SUR LE RADIUM ET SUR LA 
CURIETHERAPIE DU CANCER. Par P. Degrais 
et A. Bellot. Paper. Price, 36 fr. Pp. 160, 
with 36 illustrations. Paris: J. B. Bailliére et 
fils, 1937. 

This is the initial volume of a treatise on 
radium therapy. It discusses the whole range 
of the therapeutic uses of radium scientifically, 
fundamentally and completely. The authors 
present succinctly the knowledge gained by a 
wide clinical experience. One finds here a con- 
cise and scientific discussion of radioactivity 
and of the various methods of utilizing the 
energy of radium. The tissue reactions to 
radium are fully described. 

Curietherapy has proved itself the remedial 
agent “par excellence” in the treatment of 
angiomata and keloids. In metritis and hemor- 
ragic fibromata, it has positive curative value; 
lupus, tuberculous adenitis and diverse cutane- 
ous affections are benefited and often cured by 
the rays. 

The authors stress the importance of the 
aid given the clinician by 
physics, chemistry and pathologic anatomy. 
Better clinical results are thus obtained and 
disputed points are more likely to be elucidated. 

Radioactivity results from the disintegration 
of the atomic elements of radium. The rays 
have common properties—physical, chemical, 
caloric and biologic. They have individual 
characteristics as to nature, speed of propaga- 
tion and depth of penetration. The alpha, 
beta and gamma rays are exhaustively dis- 
cussed. The authors give us the benefit of their 
many years of patient research work, of their 
diagnostic acumen and prudent interpretation 


of therapeutic results. A critical discussion of 


dosage, methods of application, indications and 
contraindications gives this book great prac- 
tical value. It teaches what curietherapy can 
accomplish and how to accémplish it. It de- 
serves unstinted praise and should be in the 
library of all physicians who read French. 
Aimé HEINEcK 


EMANOTHERAPY. By F. Howard Humphris, 
M.D. (Brux.), F.R.C.P. (Ed.), D.M.R.E. 
(Cantab.), Honorary Consulting Radiolo- 
gist to, and member of, the Medical Advisory 
Board of St. John Clinic and Institute of 
Physical Medicine, and Leonard Williams, 
M.D., Late Physician to the French Hospi- 
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tal, to the German Hospital and to the 

Metropolitan Hospital. Cloth. Price, $3.00. 

Pp. 188. Baltimore: William Wood and Com- 

pany, 1937. 

The authors have been interested in radium 
emanation therapy since 1913 and relate in this 
monograph their experience with its use in 
clinical practice. The physical principles in- 
volved are briefly discussed, while ample space 
is given to a discussion of the various methods 
of application. These include bath, compresses, 
pads, ointments, mud and oils, representing 
administration by injection, inhalation, sub- 
cutaneous injection, insuffation (by rectum, 
vagina or nose) and irrigation. The required 
apparatus is described and illustrated. 

In what may be called the clinical section of 
the book, the authors list the diseases which 
are amenable to emanotherapy; they are sub- 
divided into gout and rheumatism, conditions 
observed in gynecology, dermatology and oto- 
laryngology. The therapeutic value of radio- 
active mud is outlined in a special chapter. 
Under “‘Varia” the authors report good results 

to quote only a few—in mental diseases, 
postoperative adhesions, high blood pressure, 
rejuvenation, impotence and spondylitis. 

There is no doubt that properly administered 
emanotherapy has its place in medicine; yet 
there seems to be no reason to be overenthusias- 
tic. The reader will do well to approach this 
book with an open and likewise critical mind. 

Ernst A. PoHLe 
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A COMBINED LEAD PERFORATOR AND RECIPROCAL 
FOR RADIATION THERAPY 


By WILLIAM ROBERT STECHER, M.D. 


EASTON, PENNSYLVANIA 


HE definite advantages of conserving 

skin, by means of a “lead perforator 
and reciprocal,” in roentgen therapy have 
been fully outlined by Kohler! and Liber- 
son.? The principle involved is essentially 
the substitution of a single large portal by 
numerous small portals whereby increased 
dosage, approaching double the amount 
can be administered to the deep tissues 
without associated detrimental skin dam- 
age. Thus, the network of numerous skin 
areas protected from radiation serves to 
prevent radionecrosis of the contiguous 
irradiated areas and, if such should ensue, 
act as sites for healing. 

One distinct advantage of this modifica- 
tion is the combining of the lead perforator 
and reciprocal into a single unit. As illus- 
trated, by rotating the square BB’Ad’ 
one-quarter of a circle, 4’ is superimposed 
upon B, B upon B’, etc. Thus, the initial 
unprotected areas become protected, and 
the prior shielded areas are now unmasked 
for irradiating. The dimensions of the lead 
pattern are appended, and can be con- 
structed for any size portal. The metallic 
pattern is cemented upon heavy celluloid, 
and covered by ordinary clear roentgen 
film to permit direct visualization of area 
to be treated during its application. The 
latter film side is placed against the skin, 
and utilizing compression technique the 
tumor-target distance can be appreciably 
diminished, together with increased radia- 


1 Kohler, A. Theorie einer Methode, bisher unméglich an- 
wendbar hohe Dosen Réntgenstrahlen in der Tiefe des Gewebes 
zur Therapeutischen Wirksamkeit zu bringen ohne schwere 
Schadigung des Patienten, zugleich eine Methode des Schutzes 
gegen Réntgenverbrennungen tiberhaupt. Fortschr. a. d. Geb. d. 
Réntgenstrahlen, 1909-1910, 14, 27-29. 

2 Liberson, F. A critical study of the use of the lead perfo- 
rator and reciprocal in radiation therapy. Am. J. Ro—nTGENOL. 
& Rap. THERapy, 1936, 76, 245-250. 


tion tolerance of the skin, due to pressure 
anemia. 

The ratio of the screen is 0.5 sq. cm. 
perforation to 1.0 sq. cm. of space, i.e. 
equal total area of protected and un- 
protected surface. When applying the 

screen,” the skin is marked at the four 


B B' 


A celluloid 
(2.0 um?d.) 
cellulose film 
Fic. 1. (4) Showing method of alternate perforator 
and reciprocal arrangement of lead screen. The 
cut-outs of lead sq. cm. are placed in the suc- 
ceeding space. (B) Showing the mounting of screen. 


Cellulose film aspect is directed against the pa- 
tient. 


corners with dilute silver nitrate solution 
as a guide to exact replacement upon suc- 
cessive treatments. 

One scheme of radiotherapy consists in: 
(1) one month treatment through the 
designated portals of entry employing the 
“screen,” on alternate days; (2) second 
month’s treatment through the same 
portals, employing the “screen” reciprocal 
(obtained by moving screen one-quarter 
turn). In this way, the tumor is constantly 
being irradiated with concomitant maxi- 
mum skin recuperation, which, in the ul- 
timate analysis, is the one great limiting 
factor in radiotherapy. 
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ABSTRACTS OF ROENTGEN AND 
RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 
ABDOMEN 


SALKIN, Davip. Pneumoperitoneum in intes- 
tinal tuberculcsis. 4m. Rev. Tuberc., April, 
1936, 33> 435-472. 

Due to earlier methods of diagnosis second- 
ary ulcerative intestinal tuberculosis is now 
regarded with greater hope. The best single 
means of diagnosis is a careful history. The 
presence of persistent or recurring symptoms 
referable to the intestinal tract in a patient 
with an open tuberculosis is important. While 
many cases may be asymptomatic, anorexia, 
cramps, nausea, diarrhea, vomiting and epi- 
gastric distress are of frequent occurrence. Such 
symptoms merit a roentgenoclogical intestinal 
study, preferably the oral method. 

The author discusses the question of diet, 
calcium therapy, surgery, heliotherapy, and 
vitamin therapy. While much can be said in 
favor of these therapeutic measures, there are 
many patients in whom they prove ineffective. 
It is in this group especially that pneumoperi- 
toneum is being used with good results in about 
80 per cent of all cases. 

The technique is easy, approximately 300 cc. 
of air being used at definite intervals. Referred 
shoulder pain is usually the signal to stop, 
though it is interesting that patients with 
phrenicotomy experienced no pain on the op- 
erated side. 

In order to evaluate results, the author has 
attempted to classify his patients according to 
the extent of the lesion, and severity of symp- 
toms. Comparison of the effectiveness of pneu- 
moperitoneum with heliotherapy and vitamin 
therapy demonstrated the superiority of air 
injections. Most patients show rapid relief from 
this procedure within a very short time after 
injection. 

The mode of action of pneumoperitoneum in 
intestinal tuberculosis is unknown. The author 
believes air acts as a mechanical buffer influ- 
encing the extrinsic nerve mechanism of the 
intestinal tract. Vascular, biological and oxida- 
tion theories of action are also discussed. This 
is a very interesting article, and the excellent 
illustrations add much to its value—P. 7. 


Hodes. 
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Meyer, Kart A., and Rosi, Perer A. Re- 
gional enteritis (non-specific). Surg., Gynec. 
&. Obst., June 1936, 62, 977-988. 


In 1932 Crohn, Ginzburg, and Oppenheimer 
described a condition which they believed to 
be a clinical and pathological entity, a non- 
specific inflammatory lesion of the terminal 
ileum. Shortly after their report Harris, Bell 
and Brunn reported a similar lesion involving 
the jejunum, and since then, numerous cases 
have been reported in the literature, involving 
the small bowel and the colon. In some in- 
stances, the inflammatory areas are multiple. 
The symptoms vary according to whether the 
inflammatory process is acute or chronic, 
whether it is associated with ulceration or 
stenosis, according to the portion of the intes- 
tinal tract involved. 

The pathological anatomy of regional en- 
teritis is that of a nonspecific inflammation 
with excessive connective tissue reaction. Al- 
though the pathological process is continuous 
and progressive, it can be divided for clinical 
purposes into three stages: (1) acute regional 
enteritis, (2) chronic hypertrophic enteritis 
with stenosis of lumen, and (3) chronic enteritis 
complicated by external or internal intestinal 
fistula. 

In acute regional enteritis, the patient’s 
symptoms are of short duration, and are asso- 
ciated with a fever and leukocytosis. There is 
rarely a palpable mass and the usual clinical 
diagnosis is acute appendicitis. Roentgenolo- 
gists rarely are afforded opportunity to examine 
cases of acute regional enteritis. 

The pathological changes in the chronic 
forms of regional enteritis have been thoroughly 
studied, since these are the lesions most fre- 
quently resected. The inflammatory process in 
the ileum either stops abruptly at the ileocecal 
valve or continues into the cecum and extends 
orally for about 15 to 35 cm., gradually shading 
off into normal intestine. The mesentery of the 
involved bowel may be 2 cm. thick. 

The lumen of the affected area of the small 
intestines is usually constricted and the narrow- 
ing is most pronounced in the region of the 
ileocecal valve. The ulcerations along the 
mesenteric border usually show a tendency 
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toward perforation, the earliest perforations 
being in the form of linear fistulas that begin 
as mucosal ulcers along the attachment of the 
mesentery and penetrate the bowel wall to the 
region of the subserosa. This may lead to the 
formation of a mesenteric abscess. 

Regional enteritis may occur in individuals 
of all ages. Rockey reported a case in a child 
aged five; and Brown, Bargen and Weber re- 
ported a case in a man aged sixty-one. It oc- 
curs most frequently in young adults. 

The symptoms of regional enteritis, according 
to the classification of Crohn and his coworkers, 
may be divided into four groups: (1) signs of 
“acute surgical abdomen,” (2) symptoms of 
ulcerative colitis, (3) symptoms of chronic ob- 
struction of the small intestines, and (4) per- 
sistent and intractable intestinal fistulas that 
follow drainage of an abdominal abscess. Colic- 
like intermittent pain which resembles the pain 
of an acute intestinal obstruction is usually 
seen in the acute type of regional ileitis. Diar- 
rhea may or may not be present. In the acute 
cases, there is a moderate degree of fever and 
moderate polymorphonuclear leukocytosis. 
There is usually tenderness in the right lower 
quadrant. In the acute cases, there is generally 
no palpable mass. 

The combination of the symptoms and 
physical signs of an acute appendicitis with 
those of an acute intestinal obstruction is very 
suggestive of an acute regional ileitis. 

The symptoms of the chronic form in which 
there is usually a stenosis are those of a low 
grade small intestinal obstruction. The history 
extends over a period of months or years. The 
patient complains of abdominal cramps, par- 
ticularly after indiscretions in diet. Mild abdo- 
minal distention is present. The general symp- 
toms and signs of sepsis, such as loss of weight, 
anorexia, moderate anemia, persistent low 
grade fever and leukocytosis are usually pres- 
ent. There is usually a mass in the right lower 
quadrant, although at times this can only be 
felt on pelvic examination. 

Roentgenologically the following findings 
suggest this diagnosis: (1) stasis proximal to 
the involved lesion; (2) slight dilatation proxi- 
mal to the lesion; (3) constant irregular, rigid 
narrowing at the site of the lesion, with occa- 
sional demonstration of single or multiple 
sinuses extending from the lumen. 

This information is usually best obtained by 
frequent observations following the adminis- 
tration of a barium meal, although occasional 
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similar findings are obtained by barium enema 
when the lesion involves the terminal ileum 
and the ileocecal valve is incompetent. 

In the chronic cases in which the inflamma- 
tory process involves a longer area, the involved 
loop appears as a narrow rigid tube in which 
valvulae conniventes are not seen. In the more 
advanced cases with still greater stenosis, the 
involved loop’s lumen roentgenologically re- 
sembles a cotton string, analogous to the 
“string sign” described by Crane in the spastic 
colon. 

The authors describe 8 cases of regional 
enteritis.—¥. H. Vastine. 

GENITOURINARY SYSTEM 
CRABTREE, F. GRANVILLE, Bropney, M. L., 

Kontrorr, H. A., and Mue.iner, S. R. 

Roentgenological diagnosis of urological and 

gynecological diseases of the female. ¥. Uro/., 

Jan., 1936, 35, 52-65. 

Unaided roentgenclogy is not an adequate 
diagnostic agency in urethral or bladder defects 
due to birth canal injury. Local examination 
and cystoscopy are essential adjuncts. The 
meatal injection of iodized oil or similar fluid 
with anteroposterior and oblique views readily 
demonstrates urethral lesions and is preferable 
to urethroscopy. Some evidence may be ob- 
tained from the cystogram to differentiate the 
anterior and posterior cystoceles but this is 
best obtained by the use of the cystoscope. 
With complete bladder floor relaxation, cysto- 
grams, taken both in relaxation and in straining 
for micturition, give the most valuable graphic 
evidence and permit a proper estimate of the 
degree of disability. The voiding cystogram, of 
course, indicates the residual urine.—W. R. 
Brooksher. 


Beco, R. Campse i. Hydatid disease of the 
kidney. Brit. F. Surg., July, 1936, 24, 18-40. 


Following a general description of the echino- 
coccus and the route by which it reaches the 
kidney, the author reports 4 personal cases in 
detail. 

Hydatid disease may be classified pathologi- 
cally as (1) primary, (2) secondary and (3) 
invasive in origin. The kidney involvement is 
almost invariably of the primary type. As a 
rule, cysts originate in the cortex of the anterior 
surface of either pole of the kidney and develop 
slowly. While their centrifugal expansion fol- 
lows lines of least resistance in the abdominal 
cavity, cysts have been known to burrow into 
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the surrounding viscera. Sometimes, due to 
trauma or strain, renal cysts may burst and 
empty into the calyx and ureter producing 
partial or complete cbstruction. 

While most patients are infected in child- 
hood symptoms do not develop until the third 
to fifth decades. Cysts may be so small as to 
defy recognition during life or so large as to fill 
most of the abdomen. In “open” cases the 
diagnosis is made from the examination of the 
material passed. “Closed” cysts are more diffi- 
cult to identify, appearing as solid tumors 
within the abdominal cavity. The only charac- 
teristic roentgenographic finding is the curvi- 
linear shadow of a calcified pericyst. Urographic 
demonstrations of renal distortion not 
pathognomonic. 


are 


The treatment is mainly surgical or expec- 
tant, the prognosis, relatively good.—P. F. 
Hodes. 


SKELETAL SYSTEM 


Harris, R. I. Difficulties in the diagnosis of 
bone tumors. ¥. Bone © Foint Surg., July, 
1936, 78, 631 640. 


There are four available sources of informa- 
tion from which facts may be obtained for the 
purpose of reaching an accurate diagnosis of 
bone tumors, namely, history, physical exami- 
nation, roentgenographic examination and 
biopsy, but each has its limitations. The history 
rarely yields sufficient information to permit a 
more accurate diagnosis than malignancy, leav- 
ing the determination of the type of tumor to 
other methods. The first case reported by Har- 
ris emphasizes the importance of obtaining a 
complete history. Physical and roentgeno- 
graphic examinations suggested bone tumor or 
low grade osteomyelitis. The type of bone 
tumor suggested by the roentgenogram was 
Ewing’s endothelioma. Against a diagnosis of 
osteomyelitis was the absence of marked evi- 
dence of inflammation or pus. The critical 
feature lay in the history of earlier tuberculosis 
which biopsy proved to be the correct diagnosis. 

The second case reported was that of a de- 
structive lesion in the body of the fourth cervi- 
cal vertebra. The diagnosis could only be made 
from the microscopical section. The history and 
physical examination indicated transverse com- 
pression myelitis of the cervical cord. The 
roentgenogram so closely resembled a proved 
case of giant cell tumor that this was the tenta- 
tive diagnosis. Biopsy proved the tumor to be 
Ewing’s endothelioma. 
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The third case was that of a giant cell tumor 
of the neck of the femur as proved by biopsy. 
The history and physical examination indicated 
only some lesion of uncertain nature in the hip 
joint. The roentgenogram suggested a possible 
osteolytic osteogenic sarcoma. 

The fourth case was that of a Ewing’s tumor 
of the upper third of the fibula. The roentgeno- 
gram suggested osteogenic sarcoma with per- 
pendicular striations. 

In the fifth case, the roentgenogram of the 
affected shoulder indicated a possible giant cell 
tumor of the head of the humerus. The correct 
diagnosis proved to be tuberculosis. Nothing in 
the history suggested the latter. A story of 
recent disablement was typical of a pathologi- 
cal fracture. 

Harris feels that biopsy forms an important 
part of the examination of a case of bone tumor. 
He is well aware of the objections to its use, 
chiefly that of the possibility of disseminating 
the disease by cutting into the tumor. This 
may be true but he is not convinced by the 
evidence which has been advanced that this is 
the case. Certainly tumors upon which biopsy 
is not performed metastasize frequently and 
early, and, in his experience, as readily as do 
any tumors which have been examined by 
biopsy. He believes the great advantage of 
biopsy should not be discarded for an unproved 
fear. 

A serious objection to biopsy is the difficulty 
which the pathologist may have in reaching a 
diagnosis even when he has tissues under the 
microscope. He should be provided with suffi- 
cient tissue for examination. For this reason, 
Harris is not very favorably impressed with 
punch biopsies. In most difficult cases it is ask- 
ing too much of the pathologist to express an 
opinion on so small an amount of tissue. An- 
other objection to biopsy arises in those cases 
which are being cared for at centers where a 
skilled pathologist is not available. An inade- 
quate pathological opinion is worse than none 
at all. 

Harris’ sixth case illustrates the pathologist’s 
difficulties in making a diagnosis in some cases. 
A pathological fracture in an area of bone de- 
struction in the middle third of the humerus was 
found on roentgenographic examination. One 
pathologist’s opinion on the biopsy specimen 
was osteogenic sarcoma, another opinion was 
that of a not essentially malignant tumor, and 
local resection was performed. The material 
was submitted to the Registry of Bone Sar- 


coma and wasreported as anosteogenic sarcoma. 
On recurrence, later amputation was per- 
formed. 

Harris concludes that biopsy is by far the 
most reliable aid to diagnosis and should be re- 
sorted to frequently, with due appreciation of 
its limitations. He has had no cause in his ex- 
perience to regret this policy.—R. S. Bromer. 


Hosrorp, Joun P. Kiimmell’s disease. Lancet, 
Keb. 1, 1936, 7, 249-251. 


The author briefly refers to a number of 
theories advanced to account for post-traumatic 
vertebral collapse. 

Kiimmell believed it to be a “rarefying os- 
teitis” following disturbed nutrition to the 
bone. Henle believed the changes were due to 
vasomotor disturbances brought on by trauma. 
Trophic changes due to pressure effects of hem- 
orrhage upon nerve roots and ganglia was also 
mentioned. More recently the disease has been 
considered the result of post-traumatic atrophy. 
The author believes that Kiimmell’s disease is 
not an obscure pathological entity. He believes 
it is the result of compression fractures in the 
vertebral body overlooked at the time of the 
injury. Under the best conditions vertebral 
fractures may be overlooked unless lateral 
examinations are made. The author believes 
that one negative roentgen examination made 
at the time of the injury does not suffice to ex- 
clude a compression fracture of the spine. He 
is of the opinion that if the symptoms persist, 
another examination at a later date should be 
made as fractures may be overlooked early. If 
this is done and the patient properly cared for, 
the author believes the late results of vertebral 
body fractures, Kiimmell’s disease, will be 


avoided. P. Hodes. 


Mircue i, G. A G. The significance of lumbo- 
sacral transitional vertebrae. Brit. 7. Surg., 
July, 1936, 24, 147-158. 

Enlarged transverse processes of the last 
lumbar vertebra are one of the best known 
anomalies of the spine. The morphology of this 
condition, usually referred to as sacralization 
or lumbarization, is discussed at length. Suffice 
it to say that it is impossible to tell whether 
sacralization or lumbarization is present by 
simply looking at an isolated specimen or roent- 
genogram of the lower spine. The total number 
of pre-sacral vertebrae must be knewn before 
an opinion can be given. 
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Lumbosacral transitional vertebrae are of 
considerable clinical interest. While many 
authors state that they rarely produce symp- 
toms, others insist that their enlarged processes 
are capable of causing pain. Considerable 
evidence has accumulated indicating that en- 
larged processes may nip, bruise, or tear inter- 
vening soft tissues and connecting ligaments. 

Symptoms due to lumbarization or sacraliza- 
tion often first manifest themselves during the 
third decade following an injury, illness or un- 
accustomed activity. The pain is usually low 
and localized to the lumbosacral regions. Lower 
spinal movements increase the pain which may 
become intractable. Pains in the cutaneous dis- 
tribution of nerves abutting these structures 
are not rare. 

In most patients localized tenderness may be 
elicited in the lumbosacral region. Movements 
are limited and rotation almost nil. Roentgeno- 
graphic visualization of transitional lumbosac- 
ral vertebrae does not invariably indicate that 
the anomaly is the cause of the trouble. The 
diagnosis should not be made until all other 
causes have been considered. 

The medicolegal importance of the condition 
and its treatment are also discussed.—P. 7. 


Hodes. 


Locroscino, Domenico. Inflammatory local- 


ized lesions of the juxta-epiphyseal zone of 


the neck of the femur. 7. Bone & Foint Surg., 
July, 1936, 78, 671-684. 


The author discusses lesions, either due to 
the tubercle bacillus or to pyogenic organisms, 
located in the inferomedial, the intermediate 
and the superolateral portions of the juxta- 
epiphyseal zone of the neck of the femur. Areas 
interposed between these regions are immune 
and become involved only by expansion of the 
lesions in the above mentioned subdivisions. 
They develop mostly at a certain age, two to 
eight years. They are rare from eight to twenty 
years of age, and, if present beyond this age, 
they are almost always due to other cause than 
the tubercle or pyogenic organisms. The selec- 
tion of the three areas of infection, if it is ad- 
mitted that the usual mode is embolic through 
the arterial system, is explained by the ana- 
tomical distribution of the blood supply in 
children which is as follows: (1) by a terminal 
artery which passes superficially through the 
spongy bone of the inferomedial portion of the 
neck and ends in the superior region of the 
epiphysis; (2) by a terminal artery which 
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reaches the epiphysis through the intermediate 
portion of the neck; (3) by a terminal artery 
which ramifies in the superolateral portion of 
the neck. These arteries are terminal in chil- 
dren; in adults they anastomose, beginning at 
the growth period. Thus the typical and con- 
stant localization of inflammatory lesions and 
their occurrence in a certain period of life is 
easily explained. 

Quite frequently the shape of an infarct can 
be recognized in the roentgenogram. The focus 
is more or less triangular in shape with a wide 
base toward the epiphyseal plate and the point 
toward the metaphysis. In both types of inflam- 
mation, pyogenic and tuberculous, the earliest 
stages only show a picture of slight spotty 
atrophy which becomes evident mainly by com- 
parison with the normal side. It is generally 
agreed that the diffuse bone atrophy and ab- 
sence of more marked periosteal and endosteal 
reactions are more characteristic of tuberculous 
lesions, while the opposite is true for pyogenic 
osteomyelitis. This holds true for the majority 
but not for all cases. The early formation of 
sequestra may occur in both conditions. An 
indirect sign of the presence of a focus in the 
juxta-epiphyseal zone is the frequent expansion 
of the joint capsule superiorly and inferiorly 
with restriction of the joint space. The inflam- 
matory lesions rarely remain circumscribed and 
they break as a rule, into the hip joint after a 
variable period during which they preserve 
sharp outlines. 

The involvement of the epiphyseal cartilage 
is shown by signs such as the contraction, in 
the roentgenogram, of the bony portions which 
are separated by the plate; haziness and irregu- 
larity of the usually clear-cut and distinct 
linear image of the plate; bony condensation 
at the epiphyseal side of the destroyed portion 
of the cartilaginous plate, and changes in shape 
of the epiphysis. In some instances, a gradual 
slipping of the epiphysis toward the supero- 
lateral portion of the neck may occur produc- 
ing a coxa vara deformity. 

Physical signs of these lesions are influenced 
by their situation in any one of the three areas. 
If the focus is in the inferomedial portion, the 
leg is held in adduction, slight flexion and ex- 
ternal rotation; if in the superolateral portion 
of the neck it is held in internal] rotation; and 
if in the intermediate position, there is diffi- 
culty in external rotation and abduction. Ten- 
derness on pressure is present over the deep 
part of the inguinal fold in cases with foci in 
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the inferomedial portion and over the middle 
point of the spinotrochanteric line if in the 
superolateral portion. Palpation, in any posi- 
tion of the lesion, may show increase in skin 
temperature, thickening of the joint capsule, 
and sometimes unilateral inguinal lymphad- 
enopathy may be noted. 

It frequently happens after trauma that a 
tuberculous lesion is accompanied by high 
fever, redness, swelling, increase of local tem- 
perature, marked limp, rapid decline of the 
general condition and inability to bear weight. 
This-does not always mean a sudden invasion 
of the joint cavity. The lesion remains localized 
in the cancellous bone of the neck. 

In lesions caused by pyogenic organisms sur- 
gical treatment is frequently absolutely neces- 
sary, although in some cases spontaneous 
regression and healing may occur. Conservative 
treatment is recommended in tuberculous le- 
sions.—R. S. Bromer. 


Scorr, Watrer. Epiphysiolysis of the upper 
femur. 7. Bone & Foint Surg., July, 1936, 78, 


743-750: 


Epiphysiolysis of the upper femur is not a 
rare condition. Scott states that compated with 
the other hip diseases of youth it holds fourth 
place in frequency in the clinic with which he 
is connected. Males are more often affected 
than females. The average age incidence is 
twelve and two-thirds years for girls and thir- 
teen and seven-tenths years for boys. At the 
time of puberty it seems to be the most com- 
mon cause of hip-joint trouble. 

In one-half of the cases reported anomalies 
or disorders of the endocrine system were pres- 
ent. [wo constitutional or anatomical types 
were outstanding: the tall, slender girl, and the 
rather short, obese type with the characteristic 
signs of Froehlich’s syndrome. In 3 cases there 
were signs of rickets, and in 7 there was a 
history of familial obesity. Scott thinks that 
there is rather a constitutional than a traumat- 
ic cause. The pathological process present is 
difficult to explain. In some of the roentgeno- 
grams irregularities of the juxta-epiphyseal 
zone were suggestive of disturbed endochondral 
ossification. The latter is largely dependent 
upon the function of the sex glands and hypoph- 
ysis. But if there is a central cause for this 
abnormal ossification, one would expect to find 
the same basic pathological changes in all of 
the epiphyseal plates. 
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The onset of the disease and the relatively 
high percentage in boys show that epiphysioly- 
sis has probably nothing in common with 
Perthes’ disease, although this also develops on 
a strongly constitutional basis. Typical roent- 
genograms show the well-known downward 
and backward rotation of the proximal frag- 
ment. In a typical case, it may be assumed that 
the periosteum of the neck remains practically 
intact, and that the vascular supply of the 
upper fragment is not disturbed. Aseptic ne- 
crosis of the upper fragment is an unusual 
feature and, has not yet, as far as Scott could 
determine, been described in cases of non-trau- 
matic epiphysiolysis. Careful study of his roent- 
genograms, however, did show it present in 5 
cases. 

Follow-up roentgenographic examinations 
showed the gradual resorption of the necrotic 
proximal fragment. The upper portion of the 
femoral head, just below that part of the joint 
surface which after the displacement of the 
epiphysis has to bear the body weight, is the 
last part to become reorganized. This is a point, 
which, in a later stage of the disease, makes it 
difficult to decide whether this dark shadow is 
a relic of aseptic necrosis or whether it is a 
reactive sclerosis, due to static stress of weight 
bearing. Serial roentgenograms help to exclude 
these diagnostic difficulties. Even though asep- 
tic necrosis of the proximal fragment occurs, 
reorganization leads to a complete restitution 
in a relatively short time and without marked 
alteration in shape. Only in one case did perfect 
restitution of the head fail to take place. 

The type of treatment is usually dependent 
upon the stage of the disease. Closed measures 
are likely to be more successful in an early 
stage. In later stages, when the displaced head 
is already in fibrous union with the femoral 
neck, forced manipulation can lead only rarely 
to a satisfactory result. Scott feels that the 
position of the head in this situation remains 
essentially the same and that tearing of fibrous 
adhesions causes an increase in the arthritic 
symptoms. 
epiphysiolysis, open methods are indicated. 

Open reduction was used in 3 of the cases. 
In one, an arthroplasty of the hip was done and 
in 2 of the older cases, subtrochanteric osteot- 
omy corrected the deformity and improved 
weight-bearing. Inveterate cases were given 
physiotherapy and immobilization in plaster 
casts, until all arthritic symptoms were allevi- 
ated.—R. S. Bromer. 
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STERN, G. Acute transverse bone 
atrophy. 7. Bone & Foint Surg., July, 1936, 


78, 659-066. 


The importance of recognizing acute bone 
atrophy, or, rather, calcium resorption as the 
underlying cause of pain and disability of the 
extremities (Sudeck’s atrophy, spotted atrophy, 
etc.) is being so universally acknowledged that 
the presentation of another and hitherto unde- 
scribed variation of this same phenomenon is 
considered by Stern as worthy of attention. He 
has seen 15 cases of this variation of Sudeck’s 
spotted atrophy occurring usually after fixation 
of a limb for fracture. Four of the cases, how- 
ever, occurred in patients having a non-puru- 
lent infection in neighboring joints following 
periods of disuse and in 2 others, in cases of 
tumor formation in the affected limb. 

This type of atrophy takes the form of a broad 
translucent band of bone resorption on the 
diaphyseal side of the epiphyseal line, parallel 
to the axis of the neighboring joint. This band 
occupies the same position as does a similar 
band of radiolucency in scurvy, which is seme- 
times called “Triimmerzone,” ““Triimmerfeld- 
zone”’ or “Geriistmarkzone.” This peculiar form 
of atrophy should not be mistaken for fracture 
or acute disease. 

Stern noted an improvement in several of 
his cases after they had been placed on a high 
vitamin diet which, however, he looks upon as 
merely a coincidence. Three cases are reported 
in detail illustrated by roentgenograms.—R. 8. 
Bromer. 


Turner, Henry. Some thoughts on the prob- 
able causes of non-union of fractures. 7. Bone 
& Foint Surg., July, 1936, 78, 581-593. 

The author’s summary: 

“Acute bone decalcification is an essential 
part of a biological process which, in cases of 
fracture, leads to bone union. This temporary 
rarefaction is reflex in nature and proceeds from 
traumatic irritation of the nerve branches 
which supply the bone and the periosteum. 
When the irritation subsides, this process is 
brought to a standstill and is replaced by dep- 
osition of lime salts in the newly formed soft 
callus and the decalcified ends of the fragments. 
A soldering of the fragments is thus obtained. 
In some cases, this irritation of the nerve 
branches continues for a long period and pre- 
vents nature from carrying out the normal 
healing process. Local deficiency of lime salts 
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causes delay in bone union and may even pre- 
vent consolidation. 

“The etiology of this condition may be as- 
cribed to unusual involvement of the sensitive 
nerve branches due to trauma, or to methods of 
treatment which tend to maintain the irrita- 
tion of the afferent nerve conductors. Fractures 
of the forearm and leg are especially prone to 
non-union because of their profuse and diversi- 
fied innervation. In cases of fracture of the 
forearm, disregard of the rules of reduction and 
immobilization is an important factor in the 
production of pseudoarthrosis. The sensitive 
nerve branches which may be chiefly accused 
of sustaining irritation and favoring non-union 
appear to originate in the upper part of the 
limb from the radial-nerve and ulnar-nerve 
cables. In the lower limb the corresponding 
sources are the obturator, saphenous, and pero- 
neal nerves. A special branch of the peroneal 
nerve, located on the dorsum of the foot and 
known as the cutaneous dorsalis intermedius, 
has been found by the author to be especially 
prone to neuritis of a degree capable of produc- 
ing marked decalcification. Another form of 
neuritis, associated with the treatment of frac- 
tures, arises from the modern free use of nail 
extension. Indiscriminate piercing of the bone 
in such profusely innervated regions as the 
inner side of the knee and the calcaneum fre- 
quently gives rise to stubborn neuritis with 
consequent wide-spread decalcification. 

“In the clinical examination of slowly heal- 
ing fractures more attention should be paid to 
the possible involvement of the peripheral- 
nerve branches. Roentgenographic examination 
should not be limited to the immediate site of 
injury. Decalcification which extends toward 
the most distal part of the limb should be re- 
garded as positive proof of existing traumatic 
neuritis. 

“Acute bone atrophy plays a conspicuous 
role in the general pathology of osseous tissue. 
The aid of physiology and physiological chem- 
istry is needed in solving the problem of this 
complex process.” 

Among the roentgenograms reproduced are 
those of a hand and wrist and distal half of the 
forearm in a case of fractures of both bones in 
the middle third. The marked decalcification 
shown on the first exposure is much improved 
on the second, following the blocking of the 
radial artery by alcohol near the capitellum 
radii and immobilization of the extremity in a 
plaster splint. Another illustrates the severe 
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neurotrophic decalcification of the bones of the 
foot due to irritation of the saphenous branches 
caused by a nail driven through the metaphysis 
of the fractured femur.—R. S. Bromer. 


Fano, H. C., and Mittner, Leo J. The effects 
of hypercalcaemia on joints. ¥. Bone S Foint 
Surg., Oct., 1936, 78, 

Authors’ summary: 


“Tn our experiments, chronic hypercalcaemia 
was produced in albino rats by prolonged ad- 
ministration of large doses of irradiated ergos- 
terol. Characteristic osseous changes and meta- 
static calcification occurred chiefly in the blood 
vessels of the various organs. The cartilage of 
the knee joints and of the intervertebral discs 
showed areas of degeneration with calcification 

changes not unlike those found in early de- 
generative arthritis of human joints. Calcifica- 
tion of the extra-articular collateral vessels of 
the knee joints was prominent, but probably 
of no specific significance, since the entire vas- 
cular system showed similar changes. There 
were no anatomical or histological changes in 
the parathyroid glands to support the conten- 
tion of Taylor that vitamin D acts through the 
parathyroid glands. 

“The rat may recover completely from the 
effects of prolonged feeding of vitamin D 
within two to three weeks after the drug is 
withdrawn.” —R. S. Bromer. 


Porter, Joun L., Lonercan, Roserr C,, and 
Gunn, Francis D.Ewing’s sarcoma (endothe- 
lial myeloma). Surg., Gynec. & Obst., June, 
1936, 62, 969-976. 


The authors present a case of Ewing’s sar- 
coma which shows the characteristic findings 
of this disease, i.e., history of trauma to bone 
in a young individual, followed by symptoms 
suggesting osteomyelitis with fever. Extensive 
diffuse bone involvement made the differentia- 
tion from multiple myeloma difficult. 

Connor found most difficulty in differentiat- 
ing metastatic lymphomatous tumors from 
Ewing’s sarcoma. He believes that Ewing’s sar- 
coma is much like malignant endotheliomas 
arising in other tissues and that in radiosensi- 
tivity it stands midway between osteogenic 
sarcoma and highly sensitive tumors such as 
metastatic lymphosarcoma and neuroblastoma 
in bone. A combination of irradiation and sur- 
gery has been found to give the best results in 
treatment, according to Geschickter and Cope- 
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land “yielding about 10 per cent of permanent 


7. H. Vastine. 


cures. 


Max, Buscuke, FRANz, and CANTRIL, 
S. T. The course of single myeloma of bone. 
Surg. Gynec. S Obst., 1936, 62, 918-932. 


The question as to whether or not myeloma 
of bone is a true generalized disease of the mye- 
loid system has not been settled. Most authors 
incline to the view that these lesions must be 
classified as true tumors. The term “multiple 
myeloma” has arisen because these tumors 
spread very early and are only seen after this 
dissemination. Supporting the belief that these 
are true tumors is the occasional finding of a 
primary solitary tumor before spread. In 1931, 
Geschickter and Copeland reported only ¢§ of 
these solitary myelomas which they collected 
from all the literature. The authors report on a 
total of 20 such cases from the literature, the 
Bone Tumor Registry and the one case from 
their own experience. 

Bence-Jones proteinuria with a solitary le- 
sion supports the diagnosis of myeloma, al- 
though this is not usually present in the early 
stages of the disease. The roentgen appearance 
in some of the cases was that of a giant cell 
tumor. In 5 of the cases the myeloma was soli- 
tary at the first observation and later became 
generalized. 

It is well known that radiation therapy may 
control the disease over a certain period of 
time. There is no proof that intensive treat- 
ment will cure the disease even though begun 
in the early stages before generalization has oc- 
curred.—¥. H. Vastine. 


Compere, Epwarp L., Apams, WILLIAM E., 
and Compere, Ciinron L. Generalized hy- 
pertrophic pulmonary  osteoarthropathy. 
Surg., Gynec. &F Obst., 1935, 67, 312-323. 


The authors report 2 cases of pulmonary 
osteoarthropathy, one secondary to blastomy- 
cosis of the chest wall with empyema and the 
second of carcinomaofthelung withinvolvement 
of the bronchi and larger blood vessels but no 
intrathoracic suppuration. The conditions com- 
mon to both were dyspnea and cyanosis and a 
disturbance of the acid base equilibrium of the 
peripheral blood. They stress the association of 
a chronic proliferative osteitis with a shell of new 
cancellous bone 1 to 5 mm. thick completely sur- 
rounding the tibia, fibula, radius, and ulna in 
both of these cases. Clubbing of the fingers is 
due to thickening of the soft tissue, for no bone 
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change in the distal phalanx has been described, 
due possibly to the fact that this terminal digit 
has no periosteal covering. This change in the 
fingers is often associated with hypertrophy of 
the nails, the sweat glands, and pigmentation 
of the skin, and the nose may also be enlarged. 
Joints may be swollen and tender due to swell- 
ing of the synovia, associated with a round cell 
infiltration and later erosion of the articular 
cartilage. 

The theories which have been advanced by 
various authorities are discussed and the au- 
thors express the opinion that the clubbing of 
the fingers and subperiosteal new bone are not 
due to toxins, but can be explained on the 
mechanical basis of blood stasis, or of poor aera- 
tion of the blood creating changes in the acid 
base equilibrium. Efforts to produce clubbing 
and periosteal reactions experimentally were 
unsuccessful. 

Among the conditions which have been 
shown to be primary in the production of the 
peripheral changes which make up this syn- 
drome may be listed (1) tuberculosis of the 
lungs with cavities; (2) bronchiectasis; (3) 
empyema; (4) pneumonia; (5) pleurisy; (6) 
syphilis; (7) chronic valvular disease of the 
heart; (8) malignant tumors of the lungs; (9) 
local circulatory conditions, such as aneurysm, 
which may produce venous congestion.—7. 
Vastine. 


DiILLEHUNT, RicHarp B., and CHuINARD, 
G. Melorheostosis Léri. 7. Bone & 
Joint Surg., Oct., 1936, 78, 991-996. 


The clinical picture of melorheostosis Léri is 
not nearly so definite as the roentgenographic 
findings which really establish the diagnosis. 
The symptoms in the cases hitherto reported 
are indefinite and vague, and serve chiefly to 
lead the physician to examine the skeleton 
roentgenographically. The characteristic lesion 
revealed in the roentgenogram is a dense, 
linear, eburnated streaking of the bones of an 
extremity, often beginning in the scapula or 
pelvis and extending along one side of the long 
bones into some of the carpal or tarsal bones. 
This caused Léri to liken the appearance to a 
candle flow. Only one extremity in any indi- 
vidual is involved which suggested to Putti the 
name “osteosis eburnisans monomelica.”’ 

The case which the authors report increases 
the preponderance of those involving males and 
makes the fifth case involving the left lower 
extremity. The widespread scleroderma, which 
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was present in their patient, has not been 
hitherto reported and is particularly interesting 
in that the sclerotic area of the skin was di- 
rectly superimposed over the sclerotic area of 
bone invclvement. If the dermatological find- 
ings can be considered to be intimately con- 
nected with the bony pathological changes, the 
earliest onset of known symptoms can be 
placed at six months of age in their case. The 
history of fever following an injury might be 
interpreted as giving support to the theory of 
an infectious process. Shortening which was 
not often noted in previously reported cases 
was present in their patient. Also, there seemed 
to be associated lesions in the upper end of the 
femur which suggested the appearance of os- 
teitis fibrosa cystica. 

The clinical symptoms of the condition are 
discussed in detail, likewise the histological 
appearance of the lesions in the bones and the 
theories of the cause of the eburnating process. 
The authors acknowledge their indebtedness to 
the previous articles of Kraft and of Moore and 
de Lorimier.—R. S. Bromer. 


BLOOD AND LYMPH SYSTEM 


Yater, Wautace M. A study of four cases of 
acquired arteriovenous fistula by means of 
thorotrast arteriography. dun. Int. Med., 
Oct., 1936, 70, 4606 456. 


In hepatospenography, about 75 cc. of 
“thorotrast” is injected intravenously. More 
than 375 cases thus treated have been ob- 
served for three to five years; none have shown 
latent radioactivity effects. For arteriography 
in the upper extremity an average of Io cc. 
is injected; for the lower extremity about 20 
cc. is usually sufficient. The brachial artery is 
approached in the antecubital fossa; the 
femoral artery, in Scarpa’s triangle. To offset 
spasm of any of the arterial branches and also 
to quiet the patient, an ampule of “‘spasmalgin” 
is given intravenously fifteen minutes prior to 
the arterial puncture. The region is anes- 
thetized with 1 per cent novocaine and the 
artery is punctured with an 18-gauge, 2-inch- 
long needle, the point being directed toward 
the heart. As soon as blood is seen to pulsate 
into the barrel of the syringe (connected to the 
needle) pressure is applied above; in the case of 
the arm, by the use of a sphygmomanometer; 
in the case of the lower extremity, by digital 
pressure over the femoral artery and against 
the pubic bone. The thorotrast is then injected, 
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and without allowing blood to flow an exposure 
is made. This exposure should show the main 
arteries and a few of the arches. Pressure is 
then released and, in the case of the arm, four 
beats are allowed to flow; in the case of the 
lower extremity, five beats and then a second 
exposure, or series of exposures are made. 
Technical considerations include the use of 
ao.s mm. filter; 100 ma.; time reduced to 2/10 
second and kilovoltage varying from 46 to 76, 
depending upon the thickness. 

Arteriography is usually used to determine 
the kind of vascular disease, the location and 
caliber of occlusions and the extent of col- 
lateral circulation. A few cases of aneurysm and 
arteriovenous fistula have been reported. Of the 
latter there are two types: congenital and ac- 
quired. The acquired are usually produced by 
gunshot or stab wounds. Usually medium- 
sized or larger vessels are affected since, for the 
production of the fistula, the penetrating object 
must pass through both an artery and a vein, 
without completely severing them. In the case 
of very large fistulas there result such com- 
pensatory changes as cardiac enlargement; 
rapid pulse; increase in pulse pressure (due 
mainly to a drop in the diastolic pressure); in- 
crease in blood volume and even congestive 
failure. Pressure over the fistula may produce 
a sudden drop in pulse rate (“Branham’s 
bradycardiac sign’’). The vessels in the region 
of the fistula enlarge, as do those proximal to it 
and the superficial veins become engorged. The 
distal portions of the limb often increase in 
girth due to venous engorgement, edematous 
infiltration and hypertrophy of the subcu- 
taneous tissues, though the skin and muscles 
may show atrophy. A thrill should be palpable 
over the fistula and for a short distance along 
the vein and a loud systolic hum may be heard. 
The 4 cases reported exemplify these features 
and show how by arteriography the exact site 
of the fistula can be determined, its size esti- 
mated, and the mechanism of blood flow 
through the extremity explained. As demon- 
strated particularly by one of the cases the 
extent of collateral circulation cannot be 
gauged even by this study. Measures should 
therefore be adopted to gradually establish a 
collateral circulation (by progressive pressure 
occlusion of the fistulous sac) before instituting 
surgical procedures. The site of the tract is 
indicated by the region of greatest bulge in the 
affected vein; the size, by the visibility of the 
arteries and veins and the tortuosity and dis- 
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tention of the latter distal to the site of the 
tract.—A. A. de Lorimier. 


GENERAL 

Meyverpino, Henry W., Bropers, ALBERT C., 
and Harcrave, Roserr L. Clinical aspects 
of fibrosarcoma of the soft tissues of the ex- 

tremities. Surg., Gynec. © Obst., June, 1936, 

62, 1010-1019. 

Krom the records at the Mayo Clinic the 
authors collected 184 of the above cases seen 
during the past twenty-one years, an incidence 
of I in 4,000 patients. 

Most frequently seen about thigh or knee 

3 per cent. The tumors were multiple in 4 
of the 152 cases. Males were more frequently 
affected—67.1 per cent. The age of greatest 
frequency is forty-five, no age is exempt, the 
youngest patient being one month of age and 
the oldest eighty years. The younger the pa- 
tient, the more likely the tumor to be cellular 
or fibrocellular, consequently of a higher grade 
of malignancy. In 11.2 per cent there was a defi- 
nite history of trauma. It was not observed 
twice in the same family; history of cancer in 
family in 17 per cent. 

The subcutaneous and intermuscular tissues 
are the favorite sites. Occasionally they are 
adherent to tendinous aponeuroses and fascial 
envelopes from which they manifestly arise. 
They are rounded or lobulated and usually are 
sharply delimited from the surrounding tissues. 
Encapsulation is a characteristic feature of a 
large number of fibrosarcomas, 73 out of 123 
cases. Even though encapsulated these tumors 
present a remarkable capacity for growing and 
molding themselves about structures; large 
arteries, veins and nerves may be entirely 
encased within a solid tumor mass. Bone may 
be thinned by pressure and not infrequently 
invaded and destroyed—28 cases. In other in- 
stances, periosteal proliferation and cortical 
thickening without actual involvement of the 
bone may result from the irritation of the 
tumor. 

The clinical course of fibrosarcoma is pro- 
gressive, rapid, or slow depending on the rela- 
tive amount of fibrous or cellular content of the 
tumor. After local excision the disease usually 
recurs, and, with each recurrence, involves 
more and more of the surrounding tissues; 
eventually, it produces metastasis, or death 
from exhaustion, emaciation or hemorrhage. 
Pulmonary metastasis constitutes the chief 
cause of the fata] termination of fibrosarcoma, 


Abstracts of Roentgen and Radium Literature 


FEBRUARY, 1938 


and not infrequently arises from tumors which 
have a relatively low grade of malignancy. 

Roentgenological examination of the parts, 
if the tumor is large, usually reveals the 
shadow of a soft tissue tumor with occasion- 
ally areas of calcification, which may lead to the 
erroneous diagnosis of angioma. A most im- 
portant procedure is the routine roentgeno- 
graphic examination of the chest in every case 
of suspected malignancy, to determine the 
presence or absence of visible pulmonary metas- 
tasis. 

Treatment of these tumors requires in- 
dividualization. Small primary tumors are best 
treated by wide excision. In larger growths, the 
treatment of choice consists of excision or am- 
putation. Of 34 cases in which there were no 
demonstrable signs of metastasis, and in which 
amputation was performed at the Mayo Clinic, 
there were but § cures (14.7 per cent). Among 
21 patients who had had only one previous 
excision, there were but 3 cures (14.3 per cent). 
Fibrosarcoma is a highly radioresistant tumor, 
although it sometimes responds somewhat 
favorably to radium or roentgen therapy. 
The general treatment which has been adopted, 
in appropriate cases, is excision, followed by 
prolonged irradiation (Seyerlein and Hoelzel, 
Wollner, Rostock, Hintze). In addition, Seitz 
and Wintz, and Quick, and Cutler believe that 
preoperative irradiation should also be em- 
ployed. Of the 28 patients who were cured, 
were treated by excision alone, 1 by excision 
and Coley’s toxin, 17 by excision and radio- 
therapy alone or in combination with Coley’s 
toxin, and 6 by amputation. 

The prognosis in a given case is dependent 
on the extent, situation and duration of the 
disease; its rate of progress; the amount of in- 
vasion of surrounding tissues; the number of 
previous excisions; and, above all, on the cel- 
lular structure of the tumor.—7. H. Vastine. 


ROENTGEN AND RADIUM 
THERAPY 
Morrram, J. C., and Morton, J. A method of 
spacing radiation in the treatment of tumors. 
Lancet, Sept. 19, 1936, 2, 672-674. 


The method of treatment described by the 
authors is based upon two facts. The first is 


that cells under anaerobiosis are more resistant 
to irradiation than cells well oxygenated. The 
second fact which is taken into account is that 
irradiation, through action on capillaries and 
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small blood vessels, interferes with the circula- 
tion of the tissue or tumors irradiated. 

A method of irradiation which did not inter- 
fere with the blood supply seemed desirable. 
For this purpose it was necessary to detect 
changes in the circulation of a tumor during 
treatment. Working with mice the authors 
demonstrated that the tumors became rela- 
tively avascular within a few days after treat- 
ment, with subsequent recovery if the dose was 
not too large. Thus, by spacing intervals of 
treatment, tumors were treated only during 
periods of good blood supply and encouraging 
results obtained. The evidence indicated that 
much of the sudden diminution of size of tu- 
mors following treatment was due to inter- 
ference with blood supply rather than death 
and absorption of cells. From these data treat- 
ment is now being administered continuously 
or at short intervals until the tumor shows an 
initial decrease in size. It is then discontinued 
until measurements indicate an increase in 
size, when the process ‘is again repeated. Several 
case records are reported to illustrate the 


method.—P. 7. Hodes. 


Jecorow, Boris. Die R6ntgentherapie der 
Karditiden und Aortitiden. (Roentgen treat- 
ment of aortitis and carditis.) 
Strahlentherapie, 1935, 52, 97-100. 


cases of 


Since 1926 the author has been using roent- 
gen treatment for endocarditis, myocarditis, 
pericarditis and aortitis, particularly cases of 
carditis caused by rheumatism. He gave small 
inflammation doses over the heart and aorta 
in series of 3, 4 or § treatments once a week 
with intervals of one and a half to three months 
between series. The results were excellent in 
fresh rheumatic inflammations. 

The good results are probably due to the 
fact that Klinge’s early infiltration and Aschoff’s 
granulomata are broken down and absorbed, 
and their development into sclerotic scars is 
prevented. But roentgen treatment not only 
puts a stop to the development of fresh rheu- 
matic processes in the heart but may also pre- 
vent the development of valve lesions and 
adhesions of the pericardium. Roentgen treat- 
ment is indicated in those decompensated 
heart lesions in which the decompensation is 
caused by the flaring up of fresh rheumatic 
nodular foci in myocarditis, endocarditis and 
pericarditis. 

In septic endocarditis, especially endocardi- 
tis lenta, roentgen treatment begun at the 
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right time apparently has a good effect on the 
course of the disease. Roentgen treatment is 
indicated in syphilitic aortitis when specific 
therapy has no effect. Syphilitic aortitis, like 
any other inflammation, may be favorably 
affected by roentgen rays. Moreover, syphilitic 
mesaortitis is granulomatous in character and 
therefcre amenable to roentgen treatment. 
Five cases of aneurysm of the aorta and specific 
aortitis are discussed in which pain was con- 
trolled by roentgen treatment. In some of the 
cases the size of the aneurysms was also de- 
creased and there was a decrease of the dilata- 
tion of the aorta and the pulsation of the 
jugulars.— Audrey G. Morgan. 


Scott-Brown, W. G. Treatment of recurrent 
nasal polypi with radium. Lancet, Sept. 12, 
1936, 2, 619-622. 


According to the author, nasal polypi may 
be divided into three groups: (1) infective, (2) 
allergic, (3) allergic with secondary infec- 
tion. 

As a rule infective cases involve attention 
to cleaning up the infected sinuses, in addition 
to polypectomy. The more common nasal 
polypi are purely allergic in origin, recurring 
many times. In these patients the specific al- 
lergen must be discovered for cure. The third 
group, associated with infection include the 
patients, originally purely allergic, who subse- 
quently developed infections because of in- 
sufficient drainage. 

These patients are best treated by polyp- 
ectomy followed by radium applied inter- 
stitially. The author uses four 3.5 cm. needles, 
each containing 10 mg. of radium. Under local 
anesthesia these are inserted into the ethmoid 
capsule under the middle turbinate and are 
allowed to remain in position six hours. This 
is then repeated on the contralateral side. 

The author presents 14 records indicating 
dramatic results.—P. ¥. Hodes. 


Murpuy, Water T. Primary malignant 
tumors of the ovary. Surg., Gynec. & Obst., 
Sept., 1935, 61, 289-305. 


The treatment of malignant tumors of the 
ovary is early surgical removal of both ovaries, 
followed by deep irradiation in large doses. 
At operation 72.47 per cent of the cases had 
growths in both ovaries. The author classifies 
his cases as: 

1. Adenocarcinoma—those containing true 

gland-like formations. This is probably 
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the most radioresistant. The prognosis is 
best in this group probably because it is 
of a lower degree of malignancy. There 
were 18.8 per cent of the patients “living” 
in this group. 

2. Carcinoma 

a—Medullary carcinoma. 

b—Alveolar carcinoma—these two groups 
are rather radioresistant. 

c—Granulosa cell—periodic bleeding aft- 
er the menopause or precocious pu- 
berty with aggravation of secondary 
sexual characteristics in young girls 
occurs with granulosa cell carcinoma. 

d—Embryonal cell carcinoma—this tumor 
does not induce any changes in pri- 
mary or secondary sex characteristics 
as the granulosa cell tumors. These 
last two groups are radiosensitive. 
This group closely resembles seminoma 
of the testicle. 

Embryoma—they may be bilateral—2 of 

7 cases in the author’s series. This is the 

only type of tumor in which a true mixed 

carcinoma and sarcoma may exist. 

The treatment recommended in all groups is 
surgical removal of both ovaries, followed by 
intensive irradiation. The authors employed 
200 kv., 30 ma., 80 cm. skin-target distance, 
20X25 cm. fields, and 0.5 mm. copper filter. 
Two fields, one anterior and one posterior, were 
employed, 800 r through each field in divided 
doses. This is usually repeated in two months. 

Since 1931 they have used the 4 gram 
radium element pack at 10 cm. distance, 
through 20.5 cm. diameter fields. The number 
of areas varied from two fields, one anterior 
and one posterior, to five fields (10X10 cm.), 
two anterior, two posterior and one perineal. 
Filter was 1 mm. platinum, 1.5 mm. steel and 
in addition 0.5 
aluminum next to the skin. A total of as high 
as 705,000 mg-hr. was given in five courses 
of 10 treatments each over a period of nine 
months. Intracavitary radium was employed 
in selected cases. A 100 mg. radium tube was 
placed in the cervix, 1,200 to 2,400 mc-hr. being 
given. Filter was 1.0 mm. platinum, I.o mm. 
aluminum.— 7. H. Vastine. 


Meyerpino, Henry W. Roentgen-ray therapy 
of bone tumors. 7. Bone & Foint Surg., July, 


1936, 78, 617-630. 


Meyerding states that it is obvious from ex- 
perience extending over a period of years, that 
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roentgen treatment of bone tumors is not a 
cure-all. However, it has an important field of 
usefulness. The possibilities of irradiation have 
not been exhausted and time will bring about 
greater improvement in its application and in- 
crease its therapeutic value. Surgeons and 
roentgenologists must go on cooperating to 
improve results; when the family physician is 
able to make the diagnosis earlier, and if he will 
then refer patients to centers where every aid 
is available, progress through further research 
will follow. 

He discusses the preoperative irradiation of 
bone tumors and believes that its field of use- 
fulness is very limited, and its indiscriminate 
use may be more harmful than _ beneficial. 
Effective preoperative irradiation, since it con- 
sumes time, may permit metastasis of malig- 
nant tumors to occur. Occasionally however, 
a tumor may be so situated and of such size 
as to make surgical removal impossible, and 
after preoperative irradiation, it may be so 
reduced in size that it becomes operable. 
Meyerding cannot see the value of irradiation 
preceding biopsy, or the value of routinely 
treating malignant tumors before amputation 
or excision. In the latter case, temporary im- 
provement may give the patient a false feeling 
of security and thus exploratory operation may 
be delayed, and the advantage of early and ac- 
curate diagnosis, immediate surgical treatment, 
and examination of tissue by a pathologist may 
be deferred or lost. 

Postoperative irradiation has been used in 
the hope that remaining malignant cells would 
be destroyed, that metastasis would be pre- 
vented and in order that unrecognizable metas- 
tasis might be adequately dealt with. For this 
reason, the common sites of metastasis and the 
territory occupied by the lymphatic structures 
which drained the region of the tumor were 
irradiated. Meyerding thinks that postopera- 
tive irradiation may be one of the reasons why 
more five-year cures are recorded now than for- 
merly, but he also thinks an equally important 
reason is that diagnosis is made earlier than 
formerly and, therefore, efficient treatment is 
carried out. 

The response to irradiation will usually be 
determined by what cell is predominant in the 
lesion. Knowledge is accumulating as to 
methods of application of irradiation to tumors 
of various situations and various cellular 
classifications. At present, he thinks repeated 
courses of protracted fractional irradiation, 
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with cross firing, appears to be the most satis- 
factory method. Roentgenograms should be 
made from time to time in order to visualize the 
effects of irradiation. 

Benign osteogenic tumors, such as exostoses, 
osteochondrcmata, chondromata, and _fibro- 
mata are relatively insensitive to irradiation. 
If there is any doubt of the malignant trans- 
formation of a tumor of this group, Meyerding 
favors excision and postoperative irradiation; 
the tumor must be entirely removed surgi- 
cally, especially if it is a chondroma, and, if 
doubt exists as to its having been completely 
eradicated, actual cautery is employed. 

He does not believe that irradiation has 
solved the problem of the treatment of giant 
cell tumors which because of their size, their 
situation, and the danger of hemorrhage and 
infection do not lend themselves to surgical 
treatment. Prolonged irradiation of young in- 
dividuals may lead to regression of these tu- 
mors and to deposition of bone after a period 
of years, but at the expense of considerable 
money and of possible extensive damage to 
uninvolved tissue. The experienced surgeon 
may accomplish a cure in a few weeks and also 
be sure of what type of tumor he has to treat, 
in most cases. Meyerding emphasizes the value 
of biopsy as the roentgenogram in all cases of 
suspected giant cell tumor cannot rule out the 
possibility of malignancy and he feels that sur- 
gical operation maintains first place as a means 
of treating this tumor. 

Hemangioma affecting bone is moderately 
radiosensitive and under moderate dosage, re- 
peated at intervals for a number of months, 
gradual regression occurs until healing finally 
takes place. Hemangio-endothelioma is less 
radiosensitive than endothelioma or heman- 
gioma and tends to improve temporarily under 
irradiation. 

Endothelial myeloma is the most radio- 
sensitive of bone tumors, and complete re- 
gression of the local growth may be observed 
under irradiation competently applied. This 
treatment, however, often fails to prevent a 
cure because of metastasis. Opinion as to the 
merits of treatment recently appears to favor 
amputation, irradiation, and administration of 
Coley’s toxins. 

Osteogenic sarcomata, as a group, are highly 
resistant to irradiation and, although some re- 
gression of symptoms may follow such treat- 
ment, its principal value, in Meyerding’s 
opinion, is that it gives relief of pain in con- 
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junction with surgery. He is not impressed 
with the use of preoperative irradiation in these 
cases. 

Multiple myeloma presents a hopeless surgi- 
cal problem, and irradiation gives only mildly 
encouraging results. In metastatic carcinoma, a 
measure of relief of pain may be given by ir- 
radiation and rapidity of growth may be de- 
layed, but the generalized process goes on and 
the benefits frequently are of questionable 
value. Nevertheless, Meyerding believes that 
the prolongation of life and relief of pain ob- 
tained would cause anyone afflicted with this 


this disease to choose this method of treatment. 
—R.S. Bromer. 


SCHULTEG, AND Lirreken, W. Unsere Erfahr- 
ungen mit der Krebsbehandlung nach Fich- 
era. (Experience with Fichera’s cancer treat- 
ment.) Strahlentherapie, 1935, 52, 247-251. 
The authors have a hospital with so beds 

for cancer and have tried various methods of 

treatment hopefully. With most of them they 
have been disappointed. When Fichera re- 
ported his method of injection treatment they 

decided to use it in inoperable cases; they did 

not feel justified in using it in operable cases. 

They followed Fichera’s directions exactly, 

giving two intranruscular injections a week. 

They have used the method so far in 61 cases 

with entirely negative results. It is true the 

cases were all very far advanced and hopeless 
but there was not even a temporary good effect 
on the tumor or on the general condition. 

They quote Bock and Gertz as having equally 

unsuccessful results. They do not feel justified 

in using the remedy any longer. If it should 
prove useful later with less advanced cases or 
with an improved technique they will be glad 

to undertake further trials of it.—Audrey G. 

Morgan. 


KrucHen, C. Zur Roéntgenbehandlung des 
Erysipels. (Roentgen treatment of erysipe- 
las.) Strahlentherapie, 1935, 52, 252-262. 
Cases are described and illustrated with 

fever curves showing the good effects of roent- 

gen treatment in erysipelas. The practical con- 
clusion from a study of these cases is that roent- 
gen treatment is effective in erysipelas only 
when correctly given. It is important to irradi- 
ate the whole diseased area, particularly the 
peripheral parts and in the direction of the 
lymph tracts running centrally from it. That 
the disease often extends beyond the red zone 
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is shown by the fact that there are often little 
islands of redness outside it, doubtless con- 
nected with the main focus by deeper lymph 
tracts. These are usually not very deep, as is 
shown by the fact that erysipelas often stops at 
points where the skin lies close to the bones, as 
on the chin and at the hair line. Sometimes, 
however, the erysipelas extends deeper as in 
thrombophlebitis in pregnancy and in phleg- 
mons. In these cases a filtration of 4 mm. 
aluminum or 0.5 mm. copper must be used to 
get a satisfactory deep action. The dose should 
be between 10 and 20 per cent of a skin eryth- 
ema dose. Less than to per cent does no good. 
The focus-skin distance should be 30 to 40 cm. 
and for a surface therapy apparatus the size 
of the fields about 20 to 30 sq. cm. 

Even two irradiations under these circum- 
stances do not injure the skin. The author has 
never seen severe toxic disturbances following 
irradiation. The eyes of course must be pro- 
tected. In wandering erysipelas the area around 
all the fields should be irradiated in order to 
prevent a protracted course with possible fatal 
bronchopneumonia, nephritis or sepsis. Even 
deep-seated thrombophlebitic cases react well 
to irradiation. 

The action of irradiation in erysipelas is a 
local and direct one. There is no indirect action 
like that of parenteral protein therapy. 

This is of practical importance as it shows 
the necessity for irradiating all fields in wander- 
ing erysipelas. The author has never seen one 
area cured by irradiation of another. Specific or 
nonspecific defensive substances are evidently 
not produced by the irradiation, but it acts 
directly either on the streptococci themselves 
or on the radiosensitive lymphatic tissue. That 
the action of the rays is not general is shown 
by the rapidity of the cure in twenty-four to 
forty-eight hours and the fact that the ery- 
sipelas may flare up again in cured places or 
extend from neighboring areas to these. No 
local or general immunity is brought about as 
in protein therapy. The fact that the action is 
local and not general is important in the roent- 
gen therapy of erysipelas.— Audrey G. Morgan. 


Ke.ty, JAMeEs F., and Dowe t, D. A. Present 
status of the x-rays as an aid in the treat- 
ment of gas gangrene. 7. 4m. M. Ass., Oct. 


3, 1936, 707, 1114-1117. 


The authors’ experience in the treatment of 


gas bacillus infection by the use of roentgen 
rays, together with tabulated studies of treat- 


FEBRUARY, 1938 


ment administered by other workers, in a total 
of 56 cases is reported. Treatments are given 
twice daily over a period of at least three days: 
go-100 kv. (peak), 1 mm. Al filter in extremi- 
ties; from 130-160 kv. (peak) with increased 
infiltration in trunk infections, administering 
about 100 r per treatment over each area. 
Serum was used in 49 cases but recovery en- 
sued in 5 cases where serum was not employed. 
Of 44 extremity cases, 29 did not have ampu- 
tation and all recovered; of 15 who had ampu- 
tations, 5 died. The total mortality of cases 
treated by roentgen rays was 8.9 per cent. 


Brooksher. 


UHLMANN, EricH, and ScHAMBYE, GRETHE. 
Uber erfolgreiche Behandlung von Strahlen- 
schaden der Haut. (The successful treatment 
of injuries of the skin caused by irradiation.) 
Strahlentherapie, 1935, 52, 282-298. 
Fourteen cases of roentgen injury of the skin 

caused by irradiationand treated by the authors’ 
method are described and illustrated. Some of 
these had been unsuccessfully treated with 
electrocoagulation and Finsen light. The 
authors treated them with a radium emanation 
salve and had very prompt results, not only 
in controlling the subjective symptoms but in 
bringing about objective improvement. These 
results were brought about in a comparatively 
short time. They believe this salve is the 
method of choice in the treatment of skin in 
juries by irradiation.—dudrey G. Morgan. 


H. Die Roéntgennahbestrahlung des 
Lippenkrebses. (Close roentgen irradiation of 
cancer of the lip.) Strahlentherapie, 1935, 52, 
221-225. 

Surgery was formerly considered the only 
treatment for cancer of the lip. Later radio- 
therapy was found superior, but mostly in the 
form of radium treatment. 

The author has now found a method of 
roentgen treatment which he thinks is even 
superior to radium treatment. The focus-skin 
distance is 3 to § cm., tension 50 to 60 kv. 
filter 0.2 mm. copper. The size of the fields is 
limited to the diseased region, with individual 
fields of 4 to at most 26 sq. cm. The dosage is 
fractionated but without protraction, or dilu- 
tion. The daily dose is 300-350 r, the dose per 
minute 100-200 r, so that the irradiation time 
is 1.6 to 4 minutes. The total dosage is 4,00 
to 6,000 r given in three to four weeks. The 
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indications for the total dosage are furnished 
by the skin reaction. An intense dark red skin 
erythema with loosening of the epidermis dur- 
ing treatment indicates that it should be dis- 
continued. 

The authcr has treated 20 cases by this 
method; 3 were carcinoma of the upper lip, 16 
of the lower lip and 1 of the angle of the mouth 
extending to the cheek. Fight were superficial, 
6 infiltrating, 2 infiltrating with gland metas- 
tases, and 4 ulcerated and completely inoper- 


able. All were cured except 2, a total cure of 


go per cent. The observation time has been 
from a few months to 34 years. Primary free- 
dom from symptoms was brought about in all 
the cases. In 1 of the inoperable cases after a 
year and a half of freedom from symptoms 
there was recurrence and death. This was a 
very extensive ulcerated carcinoma of the lower 
lip extending to the mouth and gums. Another 
patient, in whom the carcinoma had developed 
on a gumma and who was free of symptoms 
after treatment, died of a pleuropneumonia 
after a plastic operation.—Audrey G. Morgan. 


Ropinson, J. Maurice, and Spencer, Jack. 
Roentgen therapy of acute postoperative 
parotitis. New England Ff. Med., July 23, 


1936, 215, 150-153. 


The incidence, etiology and mortality of 


acute postoperative parotitis are briefly re- 
viewed. Results obtained by the authors in 
the treatment of 12 cases by high voltage roent- 
gen irradiation indicate that the method is ther- 
apeutically as effective as radium, and, in some 
respects, is even superior. In the technique em- 
ployed, 300 r without back-scattering is di- 
rected to the involved side, or if bilateral, to 
each side, at one sitting through a 10 cm. cone, 
employing 200 kv. (peak), 50 cm. skin dis- 
tance, 0.§ mm. Cu and 1 mm. Al filters. The 
most striking results are obtained in those 
cases which are treated soon after the first 
evidence of inflammation is noted. As a rule, 
pain is relieved and suppuration is prevented. 
In this series there were 3 deaths, each case, 
however, presenting definite diminution of the 
swelling before exitus. Two cases suppurated 
and were incised though both had shown some 
response to irradiation. There were 4 cases 
with bilateral involvement, all of whom re- 
covered completely. One was practically mori- 
bund when treatment was instituted.—W. R. 


Brooksher. 
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Hunter, Francis T. “Spray x-ray therapy” 
in polycythemia vera and in erythroblastic 
anemia. New England F. Med., June 4, 1936, 
274, 1123-1127. 

Detailed report is made of 2 patients suffer- 
ing from polycythemia vera who received total 
irradiation of the body. It was noted that 1,000 
r given over several weeks’ time produced re- 
missions lasting three years. A prolonged de- 
pressant effect on the blood-forming organs is 
evident without disturbing clinical symptoms. 
One case of erythroblastic anemia was simi- 
larly treated with favorable blood picture 
changes and clinical improvement although 
ignorance of optimal dosage produced an initial 
acute bone marrow depression.—W. R. Brook- 
sher. 


Bonp, Russet C., and H. 
X-ray therapy in bronchitis in children. 
West Virginia Med. F., August, 1936, 32, 
345-350. 

The authors report their results in a series of 
sg children presenting as their chief symptom 
a chronic cough. In spite of all treatment pre- 
viously given, the coughs had persisted and fer 
this reason, the roentgen ray was employed. 
The following cases are considered suitable for 
this mode of therapy: (1) mild chronic bron- 
chitis, showing few rales in the lungs; (2) upper 
respiratory infections, especially chronic tonsil- 
litis and sinusitis, which are accompanied and 
followed by a chronic cough; (3) true bronchial 
asthma; (4) persistent cough following per- 
tussis, and (5) persistent cough following pneu- 
monia. The cough is felt to be due to the pres- 
sure of enlarged glands either on the bronchi or 
the lung tissue, or irritation of the vagi pro- 
duces the cough. All chest roentgenograms 
showed this glandular adenopathy and it was 
to this condition that roentgen therapy was 
directed, not to the primary disease. The cri- 
terion of the effect of roentgen therapy was 
cessation of the cough. Technical factors were: 
40 cm. skin target distance, 6 mm. aluminum 
filter, 100 kv. (peak), 5 ma., 3 minutes, to an 
area on the anterior chest only with vertical 
measurement of 12 cm., lateral, 8 cm., varying 
with size of the patient. With the authors’ 
machine this gave about 36 r per minute meas- 
ured on the skin surface. Treatments were 
given at weekly intervals with four as a maxi- 
mum number in a series. Good results were ob- 
tained in 51, fair in 5 and there were 3 failures. 


W. R. Brooksher. 
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Dietret, F. G., and Prosst, V. Zur Entsteh- 
ungsweise und Behandlung des Strahlen- 
katers. (Mode of origin and treatment of 
roentgen sickness.) Strahlentherapie, 1935, 52, 

281. 


an 


A decrease of cholesterin is brought about by 
irradiation with either roentgen rays or radium. 
This results in irritation of the vagus which is 
the chief factor in causing radiation sickness. 

The fact that all patients do not react to a 
fall of cholesterin content with nausea and the 
other symptoms of radiation sickness might 
be due to individual differences in the stimula- 
bility of the vagus. The decrease in cholesterin 
may be caused, not by a direct destruction of 
cholesterin by the rays but by the development 
of a roentgen toxin in the circulating blood or 
in the tissues that prevents the new formation 
of cholesterin and also has vagotropic proper- 
ties or causes more rapid excretion of the lipoid. 
The cholesterin poverty causes decreased re- 
sistance and finally destruction of the erythro- 
cytes. 

Cases are described in which the authors 
used liver extract for the treatment of roentgen 
sickness. Tables are given showing the details 
of the results. Cholesterin poverty is probably 
not the only factor in causing the sickness for 
symptoms sometimes persist when the choles- 
terin content has been raised by giving other 
remedies than liver extract. It is probable that 
the extract has a detoxicating action and the 
extract probably stimulates the action of the 
liver and has an action antagonistic to perni- 
cious anemia. Therefore liver extract is a highly 
effective remedy not only for acute roentgen 
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sickness but also for chronic roentgen cachexia. 
The doses should not be too small. In severe 
cases the liver treatment may be supplemented 
by giving colsil and some drug that decreases 
vagus tonus or increases sympathetic tonus, 
such as cardiazol or ephedrin. Prevention of 
roentgen sickness is the chief point in the sup- 
plementary general treatment to be given to 
patients who are taking roentgen treatment. 
Audrey G. Morgan. 


Desptats, R. Uber die Wirkung von Réntgen- 
bestrahlungen des Sympathikus und der 
Nebennieren bei traumatisch bedingten 
Kunktionsstérungen. (The effect of roentgen 
irradiation of the sympathetic and supra- 
renals on functional disturbances caused by 
trauma.) Strahlentherapie, 1935, 52, 263-269. 


Very excellent results can be obtained in the 
sequels of injuries caused by vasomotor dis- 
turbances by irradiating the suprarenals and 
the sympathetic nervous system with moderate 
doses of roentgen rays. Two irradiations of 250 
r each of moderately hard rays were given with 
an interval of two days between them; this 
series was repeated if necessary three and six 
weeks later. Some of the cases treated by the 
author were very severe. These irradiations of 
the vessel trunks and ganglia proved that these 
conditions can be acted on purely functionally. 
It cannot be denied that in some cases the same 
results might be attained by roentgen irradia- 
tion of the focus. It is probable that in either 
case functional reactions play the chief part in 
the effects.— Audrey G. Morgan. 


